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The present status of knowledge concerning embolism and throm- 
bosis has been attained through clinical examinations, autopsies, experi- 
ments on animals and observations made directly on the streaming blood. 
The original object in this investigation was the study, by direct 
observation in the living animal, of the effects produced by fat emboli 
in the pial blood vessels, and the comparison of these effects with those 
produced by various other foreign body emboli. The results are per- 
haps more significant from the point of view of the fundamental prob- 
lems of embolism and thrombosis. 

Welch? defined embolism as the “impaction in some part of the 
vascular system of any undissolved material brought there by the blood 
current.” He stated further that “an embolus is the starting-point of 
a secondary thrombus which usually, although not always, completes 
the closure of the vessel, if this was not effected by the embolus itself, 
and extends on each side to the nearest branch,” and that “whereas the 
introduction of such foreign bodies as threads, or bristles with rough 
surface, into the circulation is an efficient cause for thrombosis, per- 
fectly smooth indifferent bodies, as small glass balls, may be introduced 
without causing coagulation.” 

Zahn,” in 1872, was one of the first to make a systematic study of 
the formation of thrombi. He distinguished the red, or “coagulating,” 
thrombi from the white, or “separating,” thrombi, and by direct obser- 
vations onthe circulating blood in the mesenteric blood vessels of the 
frog, he was able to follow the inception of the latter. He observed, 
that, following a sticking injury of the wall of the blood vessel, a white 


* Submitted for publication, July 23, 1930. 
* This work was done during a year’s tenure of a Philip Fracis du Pont 
research fellowship. 
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thrombus began to form, the process being initiated by collections of 
white blood cells at the point of injury. These, he later noticed, broke 
down into a finely granular mass. In this same series of experiments 
threads were introduced into veins, and it was noticed that thrombosis 


sufficient to close the vessel occurred only in a very weak stream. In a 


stream of normal speed only a thin layer of cells occurred about the 
thread. From these experiments he concluded that the red thrombi 
are caused by a coagulation of the blood, while the white thrombus is 
a product of a 


‘ 


‘separation” of the blood, the latter being started by the 
accumulation of white blood cells. 

Following the description of the blood platelets by Hayem,* these 
began to be considered as important components in the formation of the 
white thrombi. In 1882, Bizzozero,* repeated the observations made 
by Zahn, using, however, the mesenteric blood vessels of the cat instead 
of those of the frog. The mesentery was floated out over the stage of 
the microscope in salt solution, and observations were made by means of 
a water immersion lens. With this apparatus, by observing a small 
blood vessel, he could see a third formed element circulating between 
the other elements of the blood. This he identified as the blood platelet, 
already described. On pressing the vessel that was under observation 
with a sharp needle he noticed a collection of platelets at the point of 
injury. At first only a few were deposited, but in a short time there 
were large accumulations. A few blood cells also became attached. As 
the thrombus grew, it filled the lumen of the vessel and hindered more 
and more the flow of blood. However, if the stream was strong, the 
entire thrombus, or only a part of it, was carried away, forming a plate- 
let embolus. This process he observed many times in the same vessel, 
as often perhaps as three or four times in the course of fifteen minutes, 
and it was repeated for hours until the experiment ended. It was also 
noticed that simple jarring of the vessel by accidentally hitting the 
microscope might produce a similar formation, but to a less extent. 

To observe the formation of thrombi on foreign bodies, Bizzozero 
introduced strings into the jugular veins of dogs and rabbits. When the 
string was left in the vein for fifteen minutes, there was found about it 
a small white thrombus, composed chiefly of platelets, but with a few 
white blood cells present in the periphery. If the string was left for an 
hour, the platelets in the center were found to have formed into a finely 


3. Hayem, G.: L’anatomie normal et pathologique du sang, Paris, 1878. 

4. Bizzozero, J.: Ueber einen neuen Formbestandtheil des Blutes und dessen 
Rolle bei Thrombose und der Blutgerinnung, Virchows Arch. f. path. Anat. 90: 
261, 1882. 
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granular mass. From these experiments Bizzozero concluded that the 
blood platelets, and not the white blood cells, play the most important 
part in the formation of white thrombi, and that the granular sub- 
stance, formerly ascribed to a decomposition of white blood cells, results 
from an alteration of the platelets. 

In 1886, Eberth and Schimmelbusch,’® also working with mammals, 
confirmed the work of Bizzozero as to the initiation of the white 
thrombus by the accumulation of platelets. They, however, considered 
that this process is dominated by the mechanical relations of the blood 
stream. By observing the normal stream they found that all the blood 
platelets and all the red blood cells, because of their greater specific 
gravity and the unequal velocity in the individual portions of the lumen, 
flow in the middle of the vessel surrounded by an envelope of plasma, 
in which only a few of the relatively light leukocytes are found. If the 
velocity of the blood stream is decreased, more white blood cells and 
then the platelets are distributed in the plasma zone. Because of this 
characteristic they argued that no thrombosis can take place in a normally 
flowing stream, even if the wall of the vessel is injured, as no platelets 
can come in contact with the endothelial defect. \When, however, there is 
a slowing of the stream with a change in the vascular wall, there results 
at the place where the vascular wall is not intact, an accumulation 
of blood platelets. This accumulation is considered: to be a result of a 
“viscous metamorphosis” in the platelets. From their observations they 
concluded: first, that mechanical changes in the blood stream are as 
essential for thrombosis as is injury to the wall of the blood vessel ; 
and second, that the white thrombus is formed from preformed blood 
constituents and results from an accumulation of blood platelets, wherein 
a few red and white corpuscles are accidentally included. Therefore, 
they considered the formation of a thrombus a result of a “conglutina- 
tion” and not of a “coagulation.” 

Welch,’ in 1887, using ligatures, foreign bodies and caustics, 
confirmed in many respects the work of Eberth and Schimmelbusch, 
but disagreed about the part played by coagulation. In the thrombi pro- 
duced he was able to demonstrate the presence of fibrin as early as five 
minutes after the application of the ligatures, in some instances, and after 
fifteen minutes very often. A considerable amount of fibrin was found 
uniformly at the end of half an hour. On the basis of these results 


5. Eberth, J. C., and Schimmelbusch, C.: Experimentelle Untersuchungen 
uber Thrombose, Virchows Arch. f. path. Anat. 53:39, 1886. 

6. Welch, W. H.: The Structure of White Thrombi, in Papers and Addresses, 
Baltimore, Johns Hopkins Press, 1920, vol. 1, p. 47. 
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the attempt to draw a sharp distinction between thrombi formed by 
conglutination and those formed by coagulation was considered unwar- 
ranted. Welch also showed that thrombosis often fails to be produced 
following the action of caustics, scraping the interior of the blood vessel 
and so forth, when the stream is not slowed. 

Beneke,’ in 1913, directly observing the streaming blood, emphasized 
again the mechanical changes in the stream. He observed that when a 
partial obstruction is produced in the blood stream, there is developed 


peripherally to the obstruction a small eddy or whirlpool. Into this eddy 


platelets are collected and held, later becoming attached to the point of 
injury or being carried away in the blood stream. The same phenomenon 
was noticed where there was a sudden widening of the blood stream. 

The part played by bacteria in the formation of thrombi about 
foreign bodies in the blood stream was demonstrated by McLean.* In 
1915, he found that when a sterile thread is introduced into the lumen 
of a vein so that about from one half to three fourths of an inch 
(1.27 to 1.88 cm.) remains suspended in the vein, oscillating in the blood 
stream, no thrombus forms on the thread or at the point of introduction 
of the thread. The same was found to hold true in the case of an artery, 
even if the thread remained in the vessel for from four to seven days. 
If, however, a thread that had been contaminated with a culture of 
Staphylococcus albus or aureus was introduced, there was found a 
large thrombus at the end of four days when a vein was used, and 
at the end of five days when an artery was used. From this it was con- 
cluded that infection and necrosis, or the toxins derived from an infec- 
tious and necrotic process, are probably the most important factors in 
the production of a thrombus. 

Shionoya,’ in 1927, studied the formation of thrombi in an extra- 
corporeal loop. By shunting the blood from the carotid artery into the 
jugular vein through a collodion tube he was able to watch the forma- 
tion of thrombi in its passage over this foreign body. It was found 
that the circulation through the loop ceased in the normal animal in 
from six to ten minutes. The formation of white thrombi was noticed to 
start in from two to three minutes after the beginning of circulation 
through the loop, and fibrin appeared two or three minutes later. 

From the foregoing review one may conclude that thrombosis starts 
by an accumulation of platelets at the point of injury to the wall of the 


7. Beneke, R., in Krehl-Marchand: Handbuch der allgemeinen Pathologie, 
Leipzig, S. Hirzel, 1913, vol. 2, p. 130, sec. 2. 

8. McLean, A.: Thrombosis and Embolism, Surg. Gynec. Obst. 20:457, 1915. 

9. Shionoya, T.: Thrombus Formation in Normal Blood in the Extravascular 


Loop, J. Exper. Med. 46:13, 1927. 
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blood vessel. In a short time from two to three minutes, fibrin is 
present in the thrombus. The progress of this thrombus then depends 
on the strength of the circulating stream and on the presence of bacteria 
or of necrotic or injured tissue. From the experiments of Bizzozero 
it is evident that very young thrombi are weak, probably owing to a 
lack of any large amount of fibrin in the early stages, and that in a fairly 
brisk stream they may be repeatedly broken off and swept away. It 
should be noted that most of the experiments mentioned were carried 
out with an injured vascular wall at the site of, or in close proximity 
to, formation of the thrombus. 

It may also be concluded that on the surface of rough foreign bodies 
thrombosis starts in the same way as at points of injury to the wall of 
the blood vessel, but that about smooth objects, such as glass balls, 
thrombosis does not occur. 

Fat embolism was first observed in experimental animals by 
Magendie *” in 1821. In attempting to increase the viscosity of the 
blood, Magendie thought that the introduction of so innocent a sub- 
stance as fat would cause no inconvenience. However, a few minutes 
after the injection of an ounce of oil into a vein of his experimental 
animal, the animal died. At autopsy he found that the circulation and 
respiration had failed because of the inability of the blood to return 
to the left side of the heart owing to the blocking of the pulmonary 
capillaries with oil. 

Fat embolism has now become a subject of considerable importance ; 
many clinical cases have been reported, and a large amount of experi- 
mental work has been done. 

Zenker ' and Wagner,'? in 1862, reported the first cases of fat embol- 
ism occurring in man. The first of these was observed in a man who had 
received a crushing injury with multiple fractures of the ribs and 
lacerations of the liver and stomach. Warthin, in 1913, in an extensive 
review of the literature, found the total number of cases to be about 


350, though many of these he thought were not so clearly defined 


as to place them beyond doubt. 

The-eccurrence of fat embolism following disturbances to depots 
of fat has been demonstrated in numerous reports of cases and experi- 
mental observations. Among these may be cited those of Warthin,’ 


10. Magendie, M.: Note sur l’introduction des liquides visqueux dans les 
organs de la circulation, et sur la formation du foie gras des veseaux, J. de physiol. 
et de path. gén., 1821, p. 37. 

11. Zenker, cited by Welch (footnote 1, second reference). 

12. Wagner, cited by Welch (footnote 1, second reference). 

13. Warthin, A. S.: Traumatic Lipemia and Fatty Embolism, Internat. Clin. 
4 (s 23):117, 1913. 
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Gauss,'* Weiman,'* Corlette,’® Bissell,‘7 Siegmund,'* Clarke,’® Sutton *° 
and Caldwell and Huber.*! That it may also occur without trauma has 
recently been emphasized by Lehman and Moore.** After a review 
of conditions under which this may occur they divided them into met- 
abolic disturbances, poisonings, toxemias from acute infections and 
toxemias from the destruction of tissue. They considered that in these 
cases the fat, circulating in the blood stream ordinarily in a very fine 
emulsion, is changed so that an agglomeration of these smali particles 
takes place, and that in this way fat globules are built up to a size 
sufficient to plug capillaries. Experimentally they were able to pro- 
duce fat embolism in animals by intravenous injection of ether during 
the stage of digestive lipemia. 

Because of clinical manifestations fat embolism is usually spoken 
of as cerebral or pulmonary. That a sharp distinction cannot be drawn 
between the two was demonstrated by Nakata,?* Reuter ** and others, 
who showed that fat is able to pass the pulmonary capillaries and 
those of the greater circulation. The changes taking place in the brain 
following embolism have been described by Warthin, Weiman and 
Gauss. Grossly the brain shows scattered small hemorrhages, to which 
the name “cerebral purpura” has sometimes been given. These are 
usually extremely small and occur most often in the white matter, 
though at times they may be found in the gray. Microscopically these 
hemorrhages are found to surround a small area of degenerating or 
necrotic cerebral tissue, in the center of which is a small blood vessel 
filled with fat. Edema is frequently marked, and at times there is 
a slight infiltration by round cells, though this is never marked and 


14. Gauss, H.: Studies in Cerebral Fat Embolism, Arch. Int. Med. 18:76, 1916. 

15. Weiman, W.: Ueber die Hirnveranderungen bei cerebraler Fettembolie, 
Deutsche Ztschr. f. d. ges. gerichtl Med. 13:95, 1929. 

16. Corlette, C. E.: On Cerebral Fat Embolism: Report of a Case with 
Recovery, M. J. Australia 1:229, 1925. 

17. Bissell, W. W.: Pulmonary Fat Embolism, Surg. Gynec. Obst. 25:8, 1917. 

18. Siegmund, H.: Fettembolie als Todesursache, Deutsche mil.-arztl. Ztschr. 
47:407, 1918. 

19. Clarke, B. E.: Fat Embolism: Report of Two Fatal Cases Following 
Orthopedic Operations, J. A. M. A. 88:919, 1927. 

20. Sutton, G. E.: Pulmonary Fat Embolism, Ann. Surg. 76:581, 1922. 

21. Caldwell, G. T., and Huber, H. L.: Fat Embolism Following Trauma to 
Bones, Surg. Gynec. Obst. 25:650, 1927. 

22. Lehman, E. P., and Moore, R. M.: Fat Embolism, Including Experimental 
Production Without Trauma, Arch. Surg. 14:621, 1927. 

23. Nakata, T.: Recherches sur la question de l’embolie graisseuse de la petite 
et de la grande circulations, Rev. méd. de la Suisse Rom. 38:486, 1918. 

24. Reuter, W.: Experimentelle Untersuchungen tiber Fettembolie, Frankfurt. 
Ztschr. f. Path. 17:205, 1915. 
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is usually diffuse, not assuming the shape of a ring, as do the extravasated 
red blood cells. As to the time of appearance of the hemorrhages there 
are different opinions. Ribbert*® said that they appear after the 
third day; Grondahl ** found them after fifty hours, and Warthin 
reported finding them in a patient dying twelve hours after injury. 

In the lung the successive changes taking place have been studied 


in a series of experimental animals by Lehman and MeNattin.** It 


was found that within a short time after intravenous injection of 
cottonseed oil there are miliary hemorrhages and areas of edema in 
the lung. Following this, probably within a few hours, there is infil- 
tration with polymorphonuclear and mononuclear leukocytes, and within 
a few days endothelial leukocytes and fibroblasts appear. The process 
may then progress to a scarring of the lung, with an increase of fibrous 
tissue, or, if an acute inflammation is superimposed, bronchopneumonia 
with purulent bronchitis may develop. 

Paul and Windholz** emphasized the part played by fat emboli 
in the kidneys. They were able to collect a number of cases in which 
the patient’s condition just before death resembled in many respects 
that of patients dying in uremia. They were able to show, by repeated 
intravenous injections of small amounts of fat in experimental animals, 
a marked rise in the retention of nitrogen. They considered, therefore, 
that the coma frequently noticed in these cases is due in part to the 
uremia produced and not entirely to the cerebral emboli. 

In a rather extensive search through the literature only one report 
could be found of a case in which there had been direct observation 
of fat emboli in the streaming blood, this having been published by 


Jacobi and Magnus ** in 1926. Through a trephined opening in the 
dog’s skull, they were able to watch the effect of various kinds of 
emboli on the vasomotor activity of the cerebral vessels. For their 
observations no covering for the exposed pia was used. It was found 
that when the filtrate from a solution of amyl nitrite in from 5 to 
8 per cent alcohol was injected into the carotid artery of the side which 
they were observing, blood clots could be seen in the blood vessels of 
the pia. There was noticed, in addition to the stasis produced by the 

25. Ribbert, cited by Corlette (footnote 16). 

26. Grondahl, cited by Corlette (footnote 16). 

27. Lehman, E. P., and McNattin, R. F.: Fat Embolism; Pathology of Lungs 
in Experimental Fat Embolism, South. M. J. 22:201, 1929. 

28. Paul, F., and Windholz, F.: Experimentelle Studien iiber die Fettembolie 
und den durch sie verursachten Tod, Mitt. a. d. Grenzgeb. d. Med. u. Chir, 38: 
614, 1925. 

29. Jacobi, W., and Magnus, G.: Experimentelle Beitrage sur Frage der Hirn- 
embolie, Deutsche Ztschr. f. Nervenh. 91:219, 1926. 
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fragmented column of blood, a contraction of the vessel extending for 
some distance beyond the embolus. This picture did not last long, 
having cleared after the first injection within two minutes. After a 
second like injection the vessels had not returned to normal at the 
end of seven minutes. Injections of ink and air were found to produce 
a somewhat similar picture, the vascular contractions being always 
prominent. The circulation did not recover in cases in which air was 
used. When fat was injected, however, there followed no such con- 
traction, and the column of blood came up into contact with the fat, 
pushing it on ahead, so that the circulation soon recovered to an approxi- 
mately normal state. 

From these experiments they concluded that following embolism 
from blood clot (produced by amyl nitrite in alcohol), ink and _ air, 
there is produced at the point of occlusion and beyond it a vascular 
contraction which causes circulatory disturbances exceeding those 
actually produced by the embolus. On the other hand, it was noticed 
that fat produces no such contraction. This is given as the explanation 
why fat emboli are frequently less injurious than other types of emboli. 

It is to be emphasized that this study was made without protection 
of the blood vessels and under uncontrolled conditions of pressure. 
This may account for the differences in the observations made by these 


workers and the observations to be described here. 


EXPERIMENTAL METHOD 

The method employed in the present series of experiments is that 
of Forbes, used by Cobb and Forbes in their studies of circulatory 
phenomena in the pia. For a detailed description the reader is referred 
to the article by Forbes,*® in which the method is fully illustrated; a 
review of the various methods previously employed is also given. 

A brief description of the apparatus *' will be given here for the 
convenience of those not already familiar with it. Of primary interest 
is the specially designed glass window, head clamp and mechanical 
stage for carrying the microscope. 

The window is composed of a heavy metal ring, which is beveled and threaded 
so that it can be screwed into a trephined opening in the skull. In the bottom of 
this ring a circular cover glass is fastened. The metal ring is perforated by two 
holes, and into each of these the shaft of a 17 gage hypodermic needle is soldered. 
As these holes connect with the under surface of the window, fluid can be injected 


through the needle and air can be removed from beneath the window, when the 
latter is in place. 





30. Forbes, H. S.: The Cerebral Circulation: Observations and Measurement 
of the Pial Vessels, Arch. Neurol. & Psychiat. 19:751, 1928. 

31. This apparatus was made in the laboratories of the Harvard Medical 
School under the direction of Dr. Forbes. 
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The clamp for holding the head is made of heavy steel. It has three screws 
with swivel points, which are placed in such a manner that when they are tightened 
on the skull of a cat, the head is held firmly in one position with the left parietal 
region well exposed (ng. 1). The mechanical stage for carrying the microscopic is 
made of heavy brass, and when fastened to the operating table it can be adjusted to 
any desired field by means of two screws. Because of the close proximity of the 
animal’s head it is necessary to remove the ordinary stage and substage from the 
microscope before attempting to use it. For illumination a carbon arc has been 
used instead of the filament lamp originally described; this has been found satis- 
factory, though possibly not as steady as the other type of light. The beam is 
filtered through a 10 per cent aqueous solution of copper sulphate to which a few 
drops of saturated aqueous solution of picric acid have been added. This gives a 
green beam of light which throws the arteries and veins into deeper contrast and 
gives a white background. Without this filter the whole field appears reddened. 
It also serves to diminish the heat from the carbon arc. 


Fig. 1.—Forbes’ apparatus set up 1: A, window in place; B, clamp for holding 
animal’s head; C, mechanical stage carrying microscope. 


With this apparatus a good exposure of the parietal region is 
obtained, the head of the animal is held steady over long periods, and 
the microscope can be readily adjusted to any desired field. In addition, 


by means of the window and by reason of the possibility of injecting 


or_removing fluid through the needles from the interior of the cranium, 
pressure relationships are controlled, so that, so far as the pressure 
of the spinal fluid is concerned, conditions approach the physiologic. 
In the experiments the procedure was as follows: 

Sodium amytal was used as the anesthetic in most instances, ether and ethyl 
carbamate (urethane) each having been used on one occasion. As a rule 50 mg. 
of amytal per kilogram of body weight was employed, but, as the drug deteriorates 
after being made up for some time, larger doses were at times required. From 
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ten to fifteen minutes after the intraperitoneal injection of this amount of drug, 
warmed to the temperature of the body, the animal was usually anesthetized so 
that the operation could be started. To facilitate respiration while the head was 
in the clamp and to make possible artificial respiration in emergency, a tracheal 
cannula was first inserted. Following this the left carotid artery was dissected 
free and a large string placed about it in order that it might be easily found later. 

The left parietal region was now exposed by removal of the skin and muscles; 
the head was firmly clamped in place and an opening made by trephine in the most 
convenient location exposed. As soon as the button of bone was removed, an 
occipito-atlantoid puncture was made, and from the cisterna magna from 1 to 
2 cc. of cerebrospinal fluid was removed. This drew the surface of the brain away 
from the opening and permitted the removal of small spicules of bone from the 
inner table immediately around the opening. The dura was now lifted by means 
of a needle and touched with a small cautery heated to a dull red. As soon as the 
dura was perforated, it was lifted away from the upper surface of the brain, 
except at points where small vessels united the two. These sometimes resulted in 
troublesome bleeding points, which, if touched with the cautery, could, as a rule, 
be easily controlled. The dura was lifted by means of small forceps and removed 
by means of the cautery at a little distance from the bony margin. Care had to be 
taken at all times to prevent bleeding. If there were any bleeding points in the cut 
edges of the bone, they had to be stopped with bone wax before the removal of 
the dura. 

The window was then screwed into place, and through the hypodermic needles 
any trapped air was washed out with warm Ringer’s solution. When all the air 
bubbles were out, the needles were tightly corked. The needle in the cisterna 
magna was connected with a glass manometer filled to 100 mm. above the level of 
the former with Ringer’s solution. The mechanical stage, with the microscope 
attached, was then fastened to the table, the light was focused on the window, and 
the set-up was complete. 

In some of the early experiments an attempt was made to obtain readings of the 
blood pressure, but owing to the duration of the experiments it was found impos- 
sible to keep blood from clotting in the blood pressure apparatus. This attempt 
was therefore abandoned. 

For photography a Leitz “micca” camera was used in some instances and the 
“makam” in others. With the latter much better detail was obtained. 

It should be emphasized here that the animal received no physiologic care 
during the observations, and no asepsis was used in any of the procedures. How- 
ever, inflammatory reaction was never marked, and even after ninety-six hours, in 
one case, the field was clear save for a slight blurring due to edema. As the blood 
pressure could not be followed by manometer, the general state of the animal was 
judged by changes in the speed of circulation in the exposed blood vessels. This 
is apparently a rather delicate means of estimating circulatory efficiency. 


NORMAL APPEARANCES 
The normal conditions were fully described by Forbes,®® but in 
order to make clearer the changes taking place with the various experi- 
mental procedures the following brief description will be given: 
The arteries and the veins stand out on a white, sometimes a slightly yellowish, 


background. The arteries are bright red, in contrast with the purplish red of the 
veins, so that the two can be readily identified. Occasionally in a large artery, 
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especially if it makes a sharp bend, there can be noticed a slight pulsation cor- 
responding to the beat of the heart. As for the flow, in the arteries it is too swift 
to be seen until it reaches the fine arterioles, where rapid flow can sometimes be 
seen. In the veins, on the contrary, in all sizes, the flow can be seen. In the 
smaller ones, individual corpuscles are observed floating in the plasma. When 
the venules are followed into the veins, it is noticed that the stream line of the 
individual venule can be followed for a considerable distance before its identity is 
lost among the other inflowing streams. No definite capillary loops can be seen, 
but arterioles only large enough to admit red blood cells in single file can fre- 
quently be observed. 


EXPERIMENTAL OBSERVATIONS 
The experiments carried out have consisted of the injection of 
various types of foreign substances into the carotid artery of the cat 
and the observation of the effect of these on the blood vessels of the 


pia and on the rate of the blood flow over varying lengths of time. 


These observations were made by means of magnifications of 45 and 
100. The number and the type of experiments reported my be seen 
by reference to the table. 

Fat.—Eighteen animals were used in observations of fat embolism. 
Cat fat, cottonseed oil, cream and an emulsion of cottonseed oil and 
of soap were used. In some of the experiments the fat was previously 
stained by the addition of a few crystals of sudan III or with a small 
amount of a 1 per cent aqueous solution of osmic acid. In some pre- 
liminary experiments the animals died, but none of these is included in 
the eighteen mentioned. 

Nine experiments were carried out with unstained cat fat. The 
cat fat for this purpose was obtained by rendering the fatty tissue 
obtainable from the previously used animal. After being rendered it 
was put in the refrigerator and kept there until it was needed. Before 
being used, it was warmed until it just became fluid. The amount 
of this fat injected varied somewhat, but it was found that the optimal 
amount to yield a number of emboli without causing immediate death 
of the animal was about from 0.125 to 0.25 cc. The duration of these 
observations varied from three to fifty-six hours. 

The other group of experiments included two with cottonseed oil, 
three with an emulsion of cottonseed oil, one with thick cream, one 
with cottonseed oil stained with osmic acid and two in which cat fat 
stained with sudan III was used. In general, the results obtained in 
the second group were analogous to those obtained with the fresh, 
unstained cat fat. Those of special interest will be noted later. 

With the animal prepared in the manner described, the carotid 
was exposed and the fat injected slowly, care being taken that after 
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the point of the needle was in the artery, traction on the latter was 
released, so that the flow of the blood was not retarded by a kinking 


of the vessel. Soon after the injection was begun, fat droplets were 


Table of Experiments 


Weight, Amount, 
Kg. Anesthetic Material Injected Ce. Duration 


3.7 Amytal Cottonseed oil 25 3% hr. 
3.5 Amytal Cottonseed oil stained 125 » 2 
with osmie acid 
Amytal Cat fat unstained 12; 27% hr. 
Amytal Thick cream 2. 3 hr. 
Amytal Cottonseed oil 12 hr. 
emulsion 
Amytal Cottonseed oil 125 6 hr. 
emulsion 
Amytal Cottonseed oil 5 3 hr. 
emulsion 
Amytal Cat fat unstained 
Amytal Cat fat unstained 125 : hr. 
Amytal Cat fat unstained 25 5 hr. 
Amytal Cat fat unstained 25 2 hr. 
Amytal Cat fat unstained 25 2 ae. 
Amytal Cat fat unstained 2 56% hr. 
Amytal Cat fat unstained 5 { hr. 
Amytal Cottonseed oil . 2 hr. 
Amytal Cat fat unstained Of 3 hr. 
Amytal Cat fat stained 5 
with sudan III 
Amytal Cat fat stained 
with sudan III 


We SO SS Co bo DO DO DO DS OO 


Amytal Animal charcoal 
Amytal Animal charcoal! 
Amytal Willow charcoal! 
Amytal Animal charcoal 
Ether Willow charcoal! 
Amytal Animal charcoa! 
Ethylcarbamate Animal charcoal 
(urethane) 
Amytal Animal charcoal 
Amytal Animal charcoal! 
Amytal Animal charcoal 7 hr. 


Amytal Emery powder ’ 5 min. 
Amytal Emery powder ) 5 min. 
Amytal Emery powder f min. 
Amytal Glass powder { min. 


Amytal Moist blood clot 25 hr. 

Amytal Dry blood clot . 2 hr. 

Amytal Contaminated 2. hr. 
blood clot 

Amytal Contaminated 5 28% hr. 
blood clot 

Amytal Contaminated j hr. 
blood clot 


Amytal Air 
Amytal Air 


seen passing along in the larger blood vessels. At first, these all passed 
out of sight, but as more came along, many of the smaller vessels were 
found to be plugged with fat. The larger droplets of fat seemed to 
have a tendency to pass by the smaller vessels until pressure became 
such as to force some of it into them. When a fat droplet became 


caught in a vessel, it, as a rule, plugged it completely. 
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The size of the blood vessels plugged varied with the amount of 
fat; the larger the amount injected, the larger were the vessels that 
were found blocked. With the smaller amounts the vessels blocked 
were usually small; emboli were frequently seen in vessels measur- 
ing from 12 to 14 microns in diameter. 

After the lodging of an embolus, the size of the blood vessel in the 
case of the larger vessels, was apparently unaltered. In the smaller 
arterioles there was often noted an apparent stretching of the wall 
of the vessel over the embolus (fig. 2 4A and B). The changes actually 
taking place could not be measured, however, as it was not known before 
the injection just which vessels would be the ones to be plugged. In 





Fig. 2.—A, photomicrograph of a fat droplet lodged in an arteriole ( 80). 
The photomicrograph was taken twelve hours after the injection of the fat. On 
each side of the embolus there is a short column of dark purple cells (indicated 
by arrows). There is a slight bulging of the vessel over the embolus. 8B, photo- 
micrograph of a fat embolus (*& 80). A short column of dark blood cells can 


be seen on each side of the embolus. 


none of the preparations were there any evidences of contraction 
either proximal or distal to the embolus. The blood column came up 
to and in contact with the end of the embolus, producing a stasis of 
red cells back to the next branch. At times in the larger vessels there 
was noticed a tendency for the red cells to creep up beside the fat, 
but it was never observed that a channel was reestablished in a vessel 


at first completely occluded. Frequently the stream from an unblocked 


vessel, as it passed a branch which was occluded, would drive into the 
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latter with each pulse, and, a little at a time, sweep the trapped blood 
cells out until finally there was mostly plasma remaining, with only a 
few red cells close to the embolus. In spite of this marked stasis, no 
thrombosis occurred, though the vessel was plugged for as long as 
twenty-four hours. Although the majority of the fat emboli were 
driven, after several hours, into the substance of the brain and the 
circulation in the larger vessels was in many places reestablished, it 
seems impossible for some of the capillaries not to have become per- 
manently plugged. It was not hoped to see these plugged, as they 
could not be seen before the injection; but it was expected that, should 


they become plugged, there would be produced small hemorrhages, 











Fig. 3.—Free-hand sketch of fat droplets in arteries and veins. The letter A 
indicates a fat droplet with a small white thrombus about it in a vein; B, fat 
droplets in a venous branch; C, a fat droplet plugging an arteriole; D, trapped 
blood cells that have become deep purple, and E, bulging of the flowing stream 
of blood into the blocked branch. Note the thinning of the blood cells in the 
blocked portion of the vessel. 


as these have been so frequently stressed as indicating fat embolism in the 
capillaries of the skin. Although hemorrhages were constantly searched 
for in all preparations, they were never found. The pial vessels may 
be peculiar in this respect, as hemorrhages were found in sections taken 
from the substance of the brain in some of the animals. 

Fat was found in the form of small free droplets in the veins 


(fig. 3) many times. The shortest time elapsing after the injection 


into the carotid before the appearance of fat in the veins was ten 
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minutes. It may have reached the venous side sooner than that, how- 
ever, as attention was primarily focused on the arterial emboli. At 
times fat globules appeared in the veins singly or in pairs; often, how- 
ever, large numbers at a time passed along in the veins, welling up 
from vessels of the cerebrum. At times these droplets became lodged 
in the veins, apparently for no reason at all, since the vessel was so 
much larger than the particle of fat. This, however, was probably due 
to the decrease in the power and speed of the stream as it recedes 
from the force of the arterial pulsation and reaches the broader veins. 
Many of them lodged at the point where an artery crossed over a 
vein, depressing somewhat the wall of the latter. 

The picture of fat in the veins was particularly striking when 
fresh fat stained deeply with sudan III was used. Large yellow 
droplets could be seen in the veins, and on close examination it was 
found that there were somewhat irregular white haloes about these 
droplets, and that on the distal side (in reference to the blood current) 
there were formed small white thrombi. Although these were much 
smaller than those seen with charcoal (to be described in later para- 
graphs), they could be seen breaking off and being carried away from 
time to time. 

Although, as stated, the fat droplets, as a rule, plugged completely 
the vessels on the arterial side in which they lodged, several instances 
were seen in which this did not occur. One of these was particularly 
interesting. In a fairly large-sized vessel several droplets of fat were 
lodged, but in such a way that blood continued to flow by them. About 
the distal one white thrombi were being formed, and these could be seen 
breaking off and being carried away, just as will be described in the 
case of charcoal emboli. 

In the experiment in which thick cream was used, only a few 
emboli were found in the pial vessels, even after the injection of 2.5 cc. 
During the injection, however, the cream could be seen coursing through, 
so that it was known to have passed the blood vessels, and not to have 


been blocked from some cause lower in the course of the artery. On 


section. many emboli were found in the brain substance.** 
A typical protocol of this series of observations follows: 
Cat 9, weighing 2.4 Kg., was employed for the experiment. 
Dec. 3, 1929, 
10:10a.m.: 17 cc. amytal (1 per cent) is given intraperitoneally. 
10:20a.m.: Operation is started. 
11:20a.m.: Operation is over. 


32. The brains from all the experimental animals were saved and studied. The 
pathologic effects at the end of the various lengths of time will be reported later. 
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:30a.m.: Unstained cat fat, 0.125 cc., warmed until it becomes fluid, is 
injected into the left carotid. 

:3la.m.: Large fat droplets are seen coursing through the medium-sized 
arteries, lodging in the arterioles and completely blocking the 
blood flow. There is a slight oscillatory movement of the blood 
in the blocked vessels, but no blood is found going past any of 
the emboli. 

1:50a.m.: Large fat droplet is found in a vein. 

2:05p.m.: Many fat droplets are seen in the veins. Veins are much 
larger apparently than the drops of fat, but the latter cling to 
the wall of the vessels, while the blood flows around them. 

2:10p.m.: One arteriole contains a long fat embolus; distal to the 
embolus is a clump of cells, of deep purplish color; proximal 
to the embolus there is mostly plasma with a few red cells in 
it. This is not clotted, as the red cells float to and fro. 

:30p.m.: Cells, deep purple, are noticed working up beside the embolus. 

:30p.m.: Embolus is being pushed along a little further. Many fat 
droplets are seen in the veins. 

:00p.m.: Very little change is observed. Embolus has been pushed a 
little further, but it still completely blocks the vessel, though 
red cells are still present along one border. 

10:00 p.m.: No change is observed. 

Dec. 4, 1929. 

9:00a.m.: No change is observed. 

11:00a.m.: No change is observed; no hemorrhages are found. 

1:30p.m.: Circulation is weaker; fat has possibly been pushed a little 
further. 

3:00 p.m.: Cat is found dead. No hemorrhages have been noticed at any 
time about the vessels exposed through the window. 


Charcoal——vTen animals were used in observations of charcoal 
embolism. Very finely powdered charcoal was used, animal charcoal 
in eight animals and willow charcoal in two. There were no apparent 
differences between the observations in experiments in which animal 
charcoal was used and those in which willow charcoal was used. To 
determine whether the result would be different with various anesthetics, 
ether and ethyl carbamate (urethane) were each used in one experi- 
ment. No significant alterations in reaction occurred. Consequently, as 


amytal was more convenient under the experimental conditions, this 


was the anesthetic thereafter employed. The time of coagulation was 
determined in several of these animals, and no alteration was found. 

For obtaining emboli with charcoal, a small amount of the powder 
was mixed with approximately from three to four times its volume 
of Ringer’s solution, and a small amount of this suspension, usually 
about 0.5 cc., was injected into the left carotid of an animal, prepared 
as described. As the number of emboli obtained varied with the different 
suspensions, the field was watched with the low magnification, and 


when a number of emboli had been obtained, the injection was stopped. 
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Within a few moments after the injection was started, particles 
of charcoal could usually be seen in the pial blood vessels. Some of 
these were carried by the blood stream on through the exposed field 
and out of sight; others were found lodged in vessels of various sizes, 


depending somewhat on the size of the particles injected. Some of 


the emboli caused a complete blocking of the vessels in which they 
lodged. This might be permanent, or the embolus a little later might 
be swept on, leaving no evidence of injury to the wall of the vessel. 
For the most part, however, when the vessel was completely plugged, 
the embolus was not dislodged, but blood could be seen coming up to 


and in contact with the embolus. 


Fig. 4.—A, photomicrograph of a charcoal embolus ( 80). The white throm- 


bus about this embolus is easily seen. The blood continues to flow past it. B, 
photomicrograph of a charcoal embolus (* 80). There is no evidence of any 
formation of a thrombus about this embolus. 


Other emboli were observed to be located in a perfectly white field, 
apparently having no connection with the circulation. This might pos- 
sibly have been caused by a contraction of the blood vessel in which 
such particles had lodged, with the consequent expulsion of all the 
blood from each side, or it might have been due to the action of plasma. 
As previously noted, the blood cells in the proximal portion of a blocked 
vessel might be washed out by the action of the current in the vessel 
from which it branched. It seems possible that later the plasma thus 
left in this portion of the vessel may have passed by the embolus to 


displace the cells in the distal portion. 
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Soon after the lodging of a particle of charcoal which did not 
completely occlude the blood vessel, there appeared on the surface of 
the embolus a small white thrombus. This at times reached a size 
easily seen; at other times it was perceptible only by careful examina- 
tion (fig. 4 A and B). This thrombus might complete the occlusion 
of the vessel. 

This thrombus frequently did not occlude the blood vessel, and it 
is this fact which is of special interest. Blood continued to flow for 
hours past an embolus of rough charcoal that had become stuck in 
a small vessel, and this in spite of the fact that the stream was often 
much slowed on account of the number of emboli present. 

If the thrombus did not occlude the blood vessel, it increased very 
slowly in size, except in the direction of the blood stream or, in other 
words, distal to the embolus. There it grew more rapidly, clung to 
the embolus, swinging to and fro in the stream, and finally was broken 


B 


Fig. 5.—Camera lucida drawings of a foreign body embolus (* 80), showing 
successive stages in the formation of a platelet embolus. At first there is a thin, 
white thrombus, which can be seen waving from side to side in the blood stream 
distal to the embolus. This gradually increases in size and finally becomes so 
large that it is broken off and swept away. 


off and carried away (fig. 5). This process might be repeated over 
and over, with apparently little or no hindrance to the flow of blood. In 
one experiment there were three rather large emboli caught in a vessel, 
only a little distance apart. In spite of the size of the emboli and the 
slowing of the stream which they produced, the blood continued to 
flow past them for hours. 

Observations were made over periods varying from four to forty- 
eight hours. In all of these there were to be found emboli past which 
blood was found flowing until the death of the animal or until the 
experiment was ended. Although the majority of the emboli were 
caught in larger blood vessels, some were found occluding small ones; 


yet no hemorrhages were seen about any of them. 
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A typical protocol follows: 


Cat 30-a, weighing 2.4 Kg., was used in this experiment 

Feb. 7, 1930. 
9:00a.m.: 16 cc. 1 per cent amytal is given intraperitoneally. 
9:15a.m.: Operation is started. 

:15a.m.: Operation is completed, and animal is ready for injection of 
suspension. 

:50a.m.: Small amount of suspension of animal charcoal is injected into 
left carotid. 

Many emboli are present. Some of these are found completely 
blocking the vessel in which they have lodged. In some cases, 
the stream is apparently not much affected; in others, it is 
slowed. 

An embolus is found in an arteriole, the width of the embolus 
apparently equal to the diameter of the lumen of the vessel; 
stream in this region is somewhat slower than normal; no 
contraction of the vessel is apparent. A white thrombus is 
present, some being broken away from the peripheral portion 
from time to time. 

:30a.m.: Circulation continues past the embolus. There is no apparent 
increase in the size of the thrombus, although white thrombi 
are still forming and being broken away. 

2:00p.m.: No change is observed. 

3:00p.m.: Photograph of embolus is made. 

9:30p.m.: No change is noted. Cat is wrapped and left for the night. 

Feb. 8, 1930. 

9:30a.m.: Circulation is weaker. Blood continues to flow past the 
embolus. 

11:00a.m.: Blood still flows past the embolus. The entire circulation is 
somewhat weaker, and the stream past the embolus is also 
somewhat retarded. A second photograph is taken of the same 
embolus and the cat is killed. The duration of observation of 
the one embolus was twenty-four hours, during which it had 
not shifted its position, nor had it occluded the lumen, though 
the piece of charcoal was large compared to the size of the 
vessel (fig. 6 A and B). 


Emery and Powdered Glass—Four cats received injections of emery 
and powdered glass; three received injections of emery and one of 
powdered glass. For the injections of emery a small portion of com- 


mercial powdered emery was placed in a mortar and ground until a 
very fine powder was obtained. To this was then added about from 


three to four times its volume of Ringer’s solution, and the mixture 
was stirred vigorously. It was found that, despite considerable grinding, 
it was difficult to get the powder fine enough to remain in suspension. 
Trouble was also encountered when an attempt was made to inject it, 
as the small particles of emery would get between the plunger and 
the barrel of the syringe and cause it to stick. A suspension having 
been prepared by vigorous stirring, a small portion was drawn into the 
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syringe and quickly injected. Because of these difficulties, it was impos- 
sible to inject a measured amount. 

The three animals given injections of portions of this suspension 
died within a few minutes after the injection. In the blood vessels 
could be seen long, wormlike strings of white thrombi waving in the 
rapidly failing blood stream. At times red blood cells were caught in 
them. These thrombi occasionally appeared to be attached to the walls 
of the vessels moving backward and forward with each cardiac pul- 
sation. Following the death of the animal there was always noticed a 
congestion of the pial vessels, instead of the blanching seen following 
death from other types of emboli. 

The same difficulties were encountered when it was attempted to 


inject powdered glass. The single cat into which a small amount was 


Fig. 6.—A, photomicrograph of a charcoal embolus four hours after injection. 
B, the same embolus twenty-four hours after injection (> 60). This illustrates 
the continued flowing of blood past an embolus apparently large enough to block 


the vessel completely. 


injected lived only a short time, the blood vessels being rapidly filled 


with thrombi. 

Blood Clot.—The experiments with blood clot were designed to see 
whether the previous presence of elements of coagulation would cause 
an increase in the speed of thrombosis. Five cats were used. Three 
different types of material were used. As only one of each type was 
satisfactory, these three alone will be reported on, one in detail, the 
other two in summary. As will be seen, the results with all of these 
were very similar to those obtained with charcoal. 

Cat 16, weighing 2.1 Kg., was used in one of the experiments. The clot from 
5 cc. of blood, which had been obtained from a cat forty-eight hours previously 


and had been kept on ice, was removed from its serum, placed in a mortar and 
ground until it could be passed through a no. 20 Luer needle. In order to facili- 
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tate injection a little of its serum was added to the ground clot. The protocol 
follows: 
Jan. 2, 1930. 
10: 38a.m.: 10.5 cc. of 1 per cent amytal is given intraperitoneally. 
10:48a.m.: Operation is started. 





11:55a.m.: Operation is completed. 

12:00m.: 0.25 cc. of blood clot is injected into the left carotid. Immedi- 
ately after the injection, many fibrin emboli are seen in the 
arteries. As the field is watched, emboli lodge, the flow is 
reversed, another lodges in another vessel, and the first is 
swept away. This shutting and opening up of channels con- 
tinues, 
Many white thrombi are seen in the veins, some large. 
White emboli continue to dodge about in the vessels. 
All the arteries seem apparently clear of emboli, with the 
exception of two vessels. In each of these two, at a point 
where it branches (fig. 7), is lodged a large white embolus, 
from three to four times as long as it is wide. The flow of the 
blood past it is impeded, but is still fairly brisk. 
The flow about the two emboli continues. No other emboli are 
found. 
No other emboli are found. The flow in the lower branch of 
one of the arteries containing an embolus is stopped. 
Stream is going past the embolus in both branches of artery 
in which at 9:30 flow in lower branch was stopped; the flow 
is continuing uninterrupted past the embolus in the other 
artery shown in figure 7. 

3, 1930. 

9:00a.m.: The flow past both emboli is about the same; the animal is in 
good condition. 

12:25p.m.: The animal is restless; it is given 5 cc. amytal intraperi- 
toneally. The flow continues the same. 

2:30p.m.: Some edema of the pia is observed. The circulation is appar- 
ently not changed by the emboli. 

9:45p.m.: The circulation continues good, and the blood continues to 
flow past the obstructions with the same speed as was noted 
twenty-four hours previously. The animal, not deeply anes- 
thetized, responds to stimulation actively. 


10:00 p.m.: The animal is somewhat restless; 5 cc. of amytal is given 


intraperitoneally. 
Jan. 4, 1930. 
8:30a.m.: The circulation is unchanged. 
10:00a.m.: No change is seen. 
12:30p.m.: The blood flows strongly past the emboli. 
11:00p.m.: The right hind leg is spastic; no change in circulation is seen. 
Jan. 5, 1930. 
10:00a.m.: The circulation is the same. 
11:30a.m.: No change is seen. 
11:45a.m.: The circulation is still strong. 
4:00p.m.: No change is seen. 
6:00p.m.: No change is seen, 
11:30p.m.: No change is seen. 
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Jan. 6, 1930. 

9:00a.m.: The circulation is much weaker, but the blood is going past 
the emboli. There is no apparent increase in size in the sur- 
rounding thrombi. 

9:30a.m.: No change is seen. 

12:00 m.: The circulation is weaker, but the flow continues past both 
emboli. The animal is killed. The duration of observation 
has been ninety-six hours. 


In another experiment with blood clot a suspension of dried blood 
clot was used. Blood obtained from one of the animals previously used 
was allowed to dry on a piece of filter paper. After drying, it was 
broken into small pieces, put in the mortar and ground until a fine powder 
had been made. A small amount of this ground, dried clot was mixed 





Fig. 7.—A biood clot embolus, past which the blood continued to flow for 
ninety-six hours. 


with about three times its volume of Ringer's solution just a few 
minutes before the injection was made. 

The animal having been prepared in the usual manner, 1 cc. of the 
described suspension was injected into the left carotid. After the injec- 
tion brown emboli could be seen in the small pial blood vessels. Some 
of these completely occluded the vessels in which they lodged, while 
others did not. In one field there was an embolus which was lodged in 
a small vessel just proximal to a point where it branched. Past this 
embolus the flow was intermittent, sometimes going briskly and at other 
times being completely blocked. The animal was killed at the end of 
twenty-eight hours, and at this time the blood was still intermittently 
flowing past the embolus. 

In a third experiment a cat received 0.5 cc. of a suspension composed 
of ground, dried blood clot mixed with 2 cc. of a forty-eight hour broth 
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culture of a hemolytic streptococcus and 1 cc. of Ringer’s solution. 
Many emboli were seen following the injection. As these lodged there 
was noticed the formation of white thrombi about them. The amount of 
secondary thrombosis was, in some instances, sufficient to stop the flow 
of blood. In one portion of the field there was noticed a large brown 
embolus caught at the bifurcation of a fairly large artery. On this 
embolus white thrombi formed, and the flow in both branches was 
stopped. However, within a short time blood was found flowing again 
in both branches. This flow continued until the animal was killed, 
twenty-eight and a half hours after the injection was made. 


Air—Since the results obtained in the two experiments with air 
are analogous, a protocol of one only will be given. 


Cat 15, weighing 2 Kg., was used in this study. 
Dec. 31, 1929. 

10:00a.m.: 10 cc. of 1 per cent amytal is given intraperitoneally. 

10:15a.m.: Operation is started. 

11:00a.m.: Operation is completed, and 0.2 cc. of air is injected into the 
left carotid. Almost immediately bubbles of air are seen in 
the larger arteries, moving swiftly along, and within a short 
time they have passed out of the field, leaving it clear. No 
contraction of the vessels is noticed as the air passes along. 

11:02a.m.: 0.2 cc. of air is injected. The larger arteries are filled, some 
retaining the bubbles for a short time, but these are soon 
cleared. This time a number of the smaller vessels are also 
filled with air, but with each pulse the air is pushed a little 
further along the vessel and soon the field is practically clear. 
The blood column comes in contact with the air in a manner 
very similar to that in the case of the fat emboli, and the 
meniscus is of the same shape. 

11:15a.m.: No emboli are present. 

11:16a.m.: 0.2 ce. of air is injected; with this injection practically every 
visible artery is filled with air. The air is being pushed along, 
however, with each impulse. 

11: 30a.m.: Only two small emboli found in the entire field. No air has 
as yet been observed in the veins. 

1:50a.m.: 0.4 cc. of air is injected. Many vessels are filled. 

2:50p. m.: All emboli are gone from the field. 


1:50p.m.: 0.2 cc. of air is injected. Many of the smaller vessels and a 
few of the larger ones are filled with air. 

2:30p.m.: The field is clear of emboli. 

2:40p.m.: 0.4 cc. of air is injected. Every artery in the field is emptied 


of blood. 
:35p.m.: No emboli are found anywhere. 
:40p.m.: 0.4 cc. of air is injected. Many emboli are seen. 
.: The field is clear of emboli. 
:05p.m.: 0.4 cc. of air is injected. Many emboli are seen; the field is 
blanched. 
.m.: The field has just cleared. 


eww 
Se: 
> 
3 


4:50p 





= 


—— ss 








ARCHIVES OF PATHOLOGY 


0.4 cc. of air is given. The vessels are blanched. Spasticity 
of the right fore leg is noticed, and convulsive motion in the 
left leg. 
The field is clear, except for a few small vessels in one 
quadrant. 
The field is entirely clear. 
The circulation is very strong; the field is clear of emboli; 
no air has been seen at any time in the veins. The animal is 
killed. 

COMMENT 

By direct observation of the pial blood vessels it was seen that 
fat emboli, produced by injection of fat into the carotid artery of the 
cat, completely blocked, as a rule, the vessels in which they lodged. 
Most of the fat, within a relatively short time, was pushed into the 
substance of the brain, if too large an amount had not been injected. 
Some of the fat traversed the capillaries and, in some instances, could 
be found in the veins within ten minutes after the injection. 

Owing to the usual complete plugging of the arterial vessels when 
fat lodged in them there was little opportunity for the study of white 
thrombi about them. However, in one instance, the arterial stream 
was seen passing several small fat droplets. The stream at this point 
was slowed so that the individual cells could be seen. Under these 
conditions it was observed that white thrombi formed about the distal 
fat droplet and were from time to time broken off and carried away. 

On the fat droplets seen in the veins, especially on those stained 
with sudan III, small white thrombi could also be seen. These always 
remained small, and the masses that were given off from time to time 
were also small. None of the veins was ever found blocked with a 
thrombus developed on fat droplets, although at times a number of 
them were present behind a small artery where it crossed a vein. 

In none of the experiments were hemorrhages noted, although 
small blood vessels were often blocked. This was unexpected, as 
petechial hemorrhages have often been noticed in the skin following 
fat embolism. Cohn,** in 1860, found numerous hemorrhages on the 
surfaces of the brains of dogs receiving intracarotid injections of 
various substances. 

The results obtained following the introduction of charcoal were 
particularly interesting. It was seen that a rough particle of carbon 
might become caught in a blood vessel, and whereas white thrombi 
formed and were carried away from time to time, the stream might 
continue to flow past the obstruction for as long as twenty-four or 
forty-eight hours. 


33. Cohn, B.: Klinik der embolischen Gefasskrankheiten, Breslau, 1860. 
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Very analogous and even more surprising were the similar obser- 
vations made when coagulated blood was used as an embolus. Past such 
an embolus circulation continued in one instance for ninety-six hours. 
In other words, the growth of a thrombus about an embolus was not 
continuous and progressive under all circumstances. If, as may be 
presumed, the thrombus formed to separate the possibly harmful foreign 
body from the blood stream, the formation of the thrombus, in these 
experiments, practically ceased when this end was attained. Only when 
more noxious foreign bodies, such as those that injured the vascular 
wall, were present, was the process at all progressive. In view of the 





Fig. 8—A, photomicrograph of pial blood vessels (reduced from a magnifica- 
tion of 100) a few minutes after the injection of 0.4 cc. of air. The circulation 
is completely stopped. B, photomicrograph of the same field as that shown in 
A, one hour after the injection of air. The circulation is completely reestablished. 


ordinary conception of coagulation of the blood, that it starts on con- 
tact of blood with damaged tissue and previously formed clot, it seems 
particularly interesting that formation of a thrombus ceased in this 
manner even when coagulum was used as the embolus. This observation 
emphasizes the distinction made by the earlier writers between a 
thrombus formed of platelets and fibrinous coagulation. 

With emery and powdered glass, extensive thrombosis developed 
rapidly, with death occurring in a short time after the injection. This 
was undoubtedly due to the injury of the endothelium which the passage 
of the sharp particles over it produced. As a result of this injury, 
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thromboplastic substances were liberated which caused the formation 
of extensive thrombi. These were readily seen in the blood vessels. 

In the experiments in which air was injected, there was never 
noticed the retention of the air or the contractions observed by Jacobi 
and Magnus. On the contrary, the air was soon seen to disappear, 
whether entirely by absorption or partly by being pressed through the 
capillaries (fig. 8). It should be noted here again that in the experi- 
ments of Jacobi and Magnus the brain was not protected from expansion, 
and that this may account for the differences in observations. Van 
Allen ** and his co-workers, by using a specially devised air trap and 
making the blood incoagulable by means of hirudin, were able to demon- 
strate air in the superior vena cava one and. one-third minutes after 
it had been injected into the pulmonary vein. 

These experiments showed that platelets collect on and about 
foreign bodies even if the surface is smooth. After the thrombus 
is initiated its growth is very slow, in an otherwise healthy animal, 
even in the presence of a retarded flow of blood. In cases in which 
there is extensive injury to the vascular wall there is widespread 
thrombosis. It may be concluded, therefore, that though the formation 
of a thrombus is readily initiated by the introduction of a foreign sub- 
stance, the growth of such a thrombus may be very slow in the absence 
of injury to the endothelium. This in turn suggests that thromboplastic 
substance is liberated to much less extent by injury to the cellular 
elements that make up white thrombi than by injury to the vascular 
wall. In practically all of the previous studies of thrombosis there was 
present, in addition to the foreign body, some injury to the lining 
endothelium. 

SUMMARY 

Fat droplets in the arteries of the pia, in the vast majority of 
instances, completely blocked the vessels in which they lodged. 

When injected into the carotid artery, fat was carried in large 
quantities through the pial blood vessels into the substance of the 
brain. It sometimes traversed the capillaries and was found in the veins 
within ten minutes after the injection. Occasionally some of the 
fat lodged in the pial arteries and remained there for a considerable 
period. 

White thrombi formed on fat droplets, but to a less degree than on 
other types of foreign bodies. 

The thrombi produced by rough and irregular pieces of charcoal were 
frequently insufficient to block the blood vessels in which they lodged, 


34. Van Allen, C. M.; Hrdina, L. S., and Clark, J.: Air Embolism from 
Pulmonary Vein, Arch. Surg. 19:567, 1929. 
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even when present over a long period of time and when there was 
marked slowing of the blood stream. 

Sharp substances, such as emery and powdered glass, produced 
extensive thrombosis and death in a short time. 

Contrary to my expectations, blood clot emboli, moist, dry or highly 
contaminated, did not produce obstructive thrombosis, in some instances, 
when observed as long as ninety-six hours. 

After numerous repeated injections of small amounts of air the 
pial circulation remained apparently uninjured. 

No hemorrhages were observed in relation to emboli of any nature 
in periods of observation as long as ninety-six hours, irrespective of 
complete or incomplete vascular occlusion. 


CONCLUSIONS 

Following embolism in the cat the first reaction that occurs is the 
separation of the foreign body, no matter what its nature, from the 
blood stream by a collection of platelets, a “white thrombus,” which 


is extremely friable and breaks off easily. The formation of this 


thrombus practically ceases when separation of the foreign body from 
the blood stream has been accomplished. If the endothelium has been 
injured by the foreign body, progressive thrombosis occurs. The dis- 
tinction between these two processes probably lies in the freeing of 
thromboplastic substances in the latter instance. When progressive 
thrombosis does not occur, the external surface of the white thrombus 
is apparently entirely bland, so that the blood continues for many hours 
to flow past the obstruction, even when the space between the embolus 
and the opposite vascular wall barely admits a single erythrocyte. The 
effect of slowing of the blood current on this process—namely, the 
exteriorization of foreign bodies from the active blood current—is not 
perceptible. If not originally large enough to occlude the blood vessel, 
the white thrombus, in general, does not grow large enough to do so, 
even in the presence of a failing blood stream or when bathed in blood 
that flows only intermittently. This last observation is contrary to all 
previously reported opinions. 

In the pia, no perivascular reaction to vascular occlusion can be 
observed. 








EFFECT OF EMETINE ON CARDIAC MUSCLE * 


JAMES F. RINEHART, M.D. 
AND 
HAMILTON H. ANDERSON, M.D. 


SAN FRANCISCO 


Many observers of the action of emetine have concluded that the 
drug is a general protoplasmic poison with particularly harmful effects 
on the heart. While the histologic results of its action on cardiac 
muscle have been studied, they do not seem to have been reported in 
sufficient detail to command the attention that they deserve. Further- 
more, pictorial representations of the lesions described do not seem to 
have been published. 

Podwyssotzki,! working with what was probably impure emetine, 
first noted cadiac arhythmia in laboratory animals following its use. 
With the drug in reasonably pure form, Wild * observed weakening, 
slowing and diastolic arrest of the heart, and assumed that the drug 
acted as a muscle poison. Cardiac paralysis as the cause of death in 
animals poisoned by emetine was suggested by Lowin.* In electrocardio- 
graphic studies on dogs given 4.18 mg. of emetine hydrochloride per 
kilogram intravenously, Levy and Rowntree * noted ventricular fibrilla- 
tion followed by an abrupt fall in blood pressure, with death from 
acute cardiac dilatation. Pellini and Wallace’® stated that the chief 
toxic effects of the drug are exercised on the gastro-enteric tract and 


* Submitted for publication, Sept. 20, 1930. 


* From the Pathological and Pharmacological Laboratories of the University 
of California Medical School. 

* This report is based on part of an extended cooperative study of the chemo- 
therapy of amebiasis conducted by the Pharmacological Laboratory of the Univer- 
sity of California Medical School and the Pacific Institute of Tropical Medicine, 
Hooper Foundation for Medical Research, San Francisco, and supported in part 
by grants from Eli Lilly & Company, Indianapolis, and the Ciba Company, Inc., 
New York. 

1. Podwyssotzki: Beitrage zur Kenntnis des Emetine, Arch. f. Exper. Path. 
u. Pharmakol. 11:231, 1879. 

2. Wild, R. B.: The Pharmacology of Ipecac Alkaloids, Lancet 2:1274, 
1895. 

3. Lowin, C.: Beitrage zur Kenntnis der Ipecacuanha, Arch. Internat. 
Pharmacol. et Therap. 11:9, 1902-1903. 

4. Levy, R. L., and Rowntree, L. G.: On the Toxicity of Various Commer- 
cial Preparations of Emetine Hydrochloride, Arch. Int. Med. 17:420, 1916. 

5. Pellini, E. F., and Wallace, G. B.: The Pharmacology of Emetine, Am. 


J. M. Se. 152:325, 1916. 








RINEHART-ANDERSON—EMETINE AND CARDIAC MUSCLE 547 


on the heart. Death following intravenous injection was ascribed by 
them to cardiac paralysis, but death following large subcutaneous doses 
(150 mg. per kilogram in cats) they held to be due to respiratory and 
cardiac failure. After small subcutaneous injections, death was consid- 
ered due mainly to gastro-enteric changes, although the heart was 


congested at necropsy. Detailed pathologic studies were not reported. 
Lake * observed fibrillary contractions of the heart in rabbits dying from 


lethal doses of the drug given intravenously, but no gross changes at 
necropsy, except edema of the lungs. On subcutaneous injections, 
hemorrhages in the lungs, congestion of the intestines, fatty changes 
in the liver and tubulonephritis were described. No observations of 
the heart were given. In the fatal case in man reported by Bais,’ 
marked degeneration of the heart muscle was found at necropsy. 
Arrillaga and Guglielmetti * concluded that emetine may be considered 
a cardiac poison. In animals they observed auriculoventricular dissocia- 
tion and auricular fibrillation. Chopra and Ghosh * emphasized weaken- 
ing of cardiac action following the therapeutic use of emetine, and also 
observed experimentally that death may result from auricular or 
ventricular fibrillation. Chopra, Ghosh and De’ noted in rabbits 
poisoned by emetine that “the parenchyma of the heart muscle is one of 
the earliest to be affected, the changes being (a) cloudy swelling of the 
muscle fibers and disappearance of transverse striation; (b) shrinking 
of the muscle fibers, and (c) atrophy of fibers and their replacement by 
connective tissue cells. These may be the cause of some of the cardiac 
symptoms which occur in the course of injections in patients.” Young 
and Tudhope*! administered lethal amounts of emetine in divided 
daily doses to rabbits and guinea-pigs. The animals died in from five 
to twenty days, depending on the amount of the daily dose. In the 
pathologic studies, the authors described hyperemia and granular and 
cloudy swelling in the heart muscle, skeletal muscle, kidneys and liver, 
together with wallerian degeneration in occasional fibers of the sciatic 


6. Lake, G. C.: On the Toxicity of Emetine Hydrochloride, with Special 
Reference to the Comparative Toxicity of Various Market Preparations, Bull. 
113, Hyg. Lab., U. S. Pub. Health Service 1916, vol. 2, p. 41. 
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deiphia, P. Blakiston’s Son & Company, 1930, p. 81. 
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nerve and chromatolysis in a few of the anterior horn cells. Emetine 
was considered by them to be a general protoplasmic poison, acting 
equally on all tissues. Death was ascribed to heart failure. Anderson 
and Leake ** noted that emetine hydrochloride in single doses by mouth 
caused death within from two to eight days in more than 50 per cent 
of rabbits and cats given from 15 to 20 mg. of the drug per kilogram of 
body weight. Animals dying from lethal doses of emetine exhibited 
sufficient cardiac injury to warrant further pathologic study. 


Tabulated Summary of Experiment, with Pathologic Observations 


Dose of 
Weight, Emetine HCl, Manner of 
Animal Gm. Mg. per Kg. Death Pathologie Observations 
R-301 1,920 None Killed* Air in right ventricle; normal heart 
muscle with small compact fibers 
R-310 8,010 None Killed* As above 


R-304 3,140 25 Died in Mild interstitial edema of heart muscle 
24 hours (heart only examined) 
-303 2,010 2! Died in Interstitial edema of heart muscle (heart 
48 hours only examined) 
-307 2,900 9 Died in (No histologic examination) 
48 hours 
-309 2,750 Died in (Animal died at night; no histologic 
3 dayst examination) 
299 2,260 Killed in Swelling of muscle cells and nuclei; 
3 days* necrosis of numerous fibers with inter- 
stitial proliferative reaction resembling 
Aschoff reaction; focal necrosis in liver 
Killed in Cardiac injuries as in R-299; no other 
3 days* pathologie lesions found 
Killed in Rarefaction of heart muscles; swelling 
11 days* of cytoplasm and nuclei; necrotic heart 
muscle fibers with foci of interstitial 
proliferation 
Died in Small, relatively cellular scars in heart 
10 dayst muscle, surrounding atrophic and ne- 
crotic muscle fibers; general swelling of 
heart muscle fibers and nuclei and incom- 
plete hyaline coagulation of cytoplasm; 
necrosis of fibers in section of skeletal 
muscle 


* By injection of 5 ce. of air into ear vein. 

+ Two divided doses of 5 mg. per kilogram each within four days. 
t After last dose. 

§ Three divided doses of 5 mg. per kilogram each within eight days. 


EXPERIMENTAL TECHNIC 


Normal adult rabbits were given the powdered drug in gelatin capsules. All 
animals were kept singly in wire cages under identical conditions of diet, hygiene 
and temperature, and were observed for a period of fifteen days, unless death 
occurred. ‘Those dying within this period were immediately submitted to post- 
mortem examination, and portions of representative tissues were taken for histologic 
examination. The nervous system was not included in this study. Three animals 
were killed by the intravenous injection of air in order to obtain material unal- 
tered by postmortem changes. Untreated animals were maintained in the labora- 


12. Anderson, H. H., and Leake, C. D.: The Oral Toxicity of Emetine 
Hydrochloride and Certain Related Compounds in Rabbits and Cats, Am. J. Trop. 
Med. 10:249, 1930. 
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tory under similar conditions as controls, and two were killed by the intravenous 
injection of air to obtain “normal” tissue for comparative study. Zenker’s fixa- 
tion was used, and sections were cut at from 4 to 8 microns and stained with 
hematoxylin and eosin. 

Details of the experiments, with an abstract of the pathologic observations, 
are recorded in the table. All animals received single doses of emetine hydro- 
chloride, except two: R-308 was given three doses of 5 mg. per kilogram at four 
day intervals, and R-309 was given two doses of 5 mg. per kilogram four days 
apart. Two control animals, R-301 and R-310, received no drug and were killed 
by the injection of 5 cc. of air into the ear vein. Photomicrographs of histologic 
sections of cardiac tissue of untreated and animals poisoned by emetine are shown 
in figures 1 to 5. 


PATHOLOGIC OBSERVATIONS 
Morphologic evidence of the effect of lethal or sublethal doses of 
emetine hydrochloride on the heart muscle in rabbits was not imme- 


~— 


Fig. 1 (rabbit 301)—Heart muscle of a normal rabbit, showing closely grouped 
small fibers with inconspicuous nuclei. Note entire absence of interstitial pro- 
liferation. Magnification, « 175. 


diately apparent. Rabbits (R-303 and R-304) dying from twenty-four 


to forty-eight hours after a lethal dose of the drug showed little or no 
histologic change in the muscle fibers. These were spread apart, due 
presumably to interstitial edema. This was considered a secondary 
phenomenon in a heart that had failed, rather than a primary condition. 
Figure 1, representing a section of the heart muscle of an untreated 
rabbit, shows the normal compactness of the muscle fibers. In rabbit 
299 (fig. 2), killed three days after receiving 20 mg. per kilogram, the 
interstitial tissue was readily seen to be unduly prominent. Numerous 
foci were apparent in which the interstitial cells exhibited proliferation 
in response to, and replacing, degenerated and necrotic muscle fibers. 
A few polymorphonuclear neutrophils, numerous eosinophils and plasma 





Fig. 2 (rabbit 299).—Proliferation of the interstitial tissue of heart muscle in 
response to myocardial damage. A conspicuous focus of cells is seen just beneath 
the endocardium, which is shown in greater detail in figure 3. The hypertrophy 
of muscle fibers and nuclei considered an indication of injury will be clearly seen 
if this photomicrograph is compared with that of normal muscle in figure 1. 
Magnification, « 175. 


Fig. 3 (rabbit 299).—High power magnification of subendocardial focus exhib- 
ited in figure 2, showing cell types in greater detail, which 


include enlarged 
spindle-shaped reticulum cells; similar, but more 


rounded, large mononuclear 
cells; smaller round cells resembling plasma cells, and lymphocytes, as well as 


a few mononuclear eosinophils and polymorphonuclear neutrophils and eosinophils. 
Attention is called to the similarity of this reaction to that seen in rheumatic 
fever. Magnification, x 930. 
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cells accompanied the interstitial reaction. Detail of such a proliferative 
focus beneath the endocardium is shown in figure 3. The actual degen- 
erative changes in the heart muscle were less easy to follow. However, 
occasional muscle fibers exhibited a frankly necrotic hyalinized cyto- 
plasm (fig. 4). Other irregular hyalinized remnants were seen which 
presumably were portions of necrotic muscle fibers. 

Another evidence of myocardial damage was seen in the distinct 
hypertrophy in all of the muscle fibers. This hypertrophy was evident, 
hoth in the increased amount of cytoplasm and in the altered nuclear 
characters, and was readily seen when such a section was compared 


Fig. 4 (rabbit 299).—One of many frankly necrotic, hyalinized muscle fibers 
and showing early proliferative reaction of the surrounding interstitial or reticular 
cells. Note the increased size of the surrounding muscle fibers and the alteration 
in nuclear characters considered evidence of cell injury. Magnification, «x 930. 


with that of a normal animal. As this cell and nuclear enlargement 
Was apparent after seventy-two hours, it was probably a_ swelling, 
preceding or indicating degeneration, rather than a compensatory hyper- 
trophy. Rabbit 300, treated like rabbit 299, showed a less striking, but 
comparable, histologic change. 

Rabbit 305, receiving the sublethal dose of 10 mg. per kilogram 


and killed eleven days later, revealed an equally interesting microscopic 


picture in the heart muscle (fig. 5). In foci, particularly in the zone 
beneath the endocardium, the interstitial tissue appeared more prominent 
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than usual, owing both to degeneration and disappearance of muscle 
fibers and to a proliferation of the supportive reticulum cells in response 
to injured and necrotic muscle. Where the reaction was most apparent, 


bits of degenerating or frankly necrotic hyalinized muscle were usually 


seen. In one small focus of proliferation, the cells had the cytologic 
characters of polyblasts. A more chronic type of reaction was seen in 
rabbit 308. This animal received three doses of 5 mg. per kilogram at 
four day intervals and died ten days after the last dose. The heart mus- 
cle showed small, relatively dense, but cellular, foci of fibrosis centered 
about atrophic and coagulated muscle fibers. This appearance of com- 


Fig. 5 (rabbit 305). —Photomicrograph showing rarefaction of the heart muscle, 
numerous foci of interstitial proliferation and enlargement of the muscle cells. 
Magnification, « 175. 


plete or incomplete coagulation was noted in many of the fibers through- 
out the section. Further evidence of injury was the vacuolation occur- 
ring in the cytoplasm of numerous muscle cells. The focal interstitial 
cytologic response to the injured muscle, as it occurred in rabbit 299 and 
rabbit 305 in particular, recalled that of the Aschoff reaction of acute 
rheumatic fever. Figures 2 and 3, showing an accumulation of large 
mononuclear cells with accompanying lymphocytes and plasma cells in 
the subendocardial nodule, illustrate the similarity of the reactions. 
Although we were primarily concerned with the pathologic alteration 
in the heart muscle, we examined sections of other viscera and tissues 





RINEHART-ANDERSON—EMETINE AND CARDIAC MUSCLE 553 


exclusive of the nervous system in the majority of the animals. Rabbit 
308 showed necrosis of numerous fibers in a section of skeletal muscle. 
Other sections of skeletal muscle studied did not reveal a distinctive 
lesion. The impression gained in preliminary examinations that a 
widespread degeneration of skeletal muscle of the diaphragm and of the 
smooth muscle in the small intestine had occurred '* was_ probably 
premature. A more extensive study of these tissues would be necessary 
to determine this. Lesions comparable in severity to those in the heart 
muscle were not apparent on examination of liver, kidneys, spleen or 
adrenal glands. The heart muscle in this study bore the burden of the 
toxic effect of emetine. 
SUM MARY 


Lethal or sublethal doses of emetine hydrochloride in rabbits caused 
severe injury to the heart muscle. An interval of time was required for 
morphologic changes to become apparent. Animals dying in less than 
forty-eight hours showed evidence of heart failure in an interstitial 
edema of the heart muscle, indicated by spreading apart of individual 
fibers. In animals surviving lethal or sublethal doses for three or more 
days, necrosis of some fibers and a degenerative swelling in the remain- 
ing muscle fibers became evident. This resulted in a rarefaction of the 
heart muscle and in focal proliferations of the interstitial tissue in 
response to the necrotic muscle fibers. Hypertrophied reticular cells 
were apparently transformed into large mononuclear cells. Lympho- 
cytes and plasma cells, as well as eosinophils and polymorphonuclear 


neutrophils, were found in such foci. Remaining muscle fibers increased 


in size, and the nuclei showed changes in size and distribution of 
chromatin interpreted as evidence of injury. A more chronic intoxica- 
tion produced with divided lethal doses of emetine hydrochloride resulted 
in small cellular scars in the myocardium centered about necrotic muscle 
fibers. One animal showed necrosis of skeletal muscle fibers, and 
another focal necrosis in the liver, but no lesions of consistent occurrence 
were observed that were comparable in severity to that in the heart 
muscle. In this study, the lesions observed in the heart muscle of ani- 
mals dying or put to death seventy-two or more hours after lethal or 
sublethal doses of emetine administered by mouth were considered suffi- 
cient to cause the death of the animals. Attention was called to the 
similarity of the Aschoff reaction of acute rheumatic fever and this 
effect of emetine. 





CHLOROFORM IN THE BRAIN, LUNGS AND LIVER 


QUANTITATIVE RECOVERY AND DETERMINATION * 


ALEXANDER O. GETTLER,. Px.D. 
AND 
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NEW YORK 


A search of the literature on deaths due to chloroform impresses 
one with the extremely meager and inconsistent reports on the quantity 
of chloroform found in the organs of cadavers. 

Fischer,’ in a case of complete narcosis, found 55 mg. in 780 Gm. of 
lungs and blood; 70 mg. in 480 Gm. of brain; a trace in 445 Gm. of 
liver, kidney and spleen. Sedya,’ in a case of beginning narcosis, found 
4 mg. in the brain; 7.2 mg. in 1,000 Gm. of stomach and contents; 2 
mg. in liver, kidney and spleen; 4.2 mg. in lungs, heart and_ blood. 
Tissot * found 450 mg. in 1,500 Gm. of brain; 350 mg. in 1,500 Gm. of 


liver ; 0.023 per cent in muscle (230 mg in 1,000 Gm.). Nicloux * found 


0.0555 per cent in brain (555 mg. in 1,000 Gm.); 0.05 per cent 


in liver; 0.046 per cent in kidney; 0.038 per cent in spleen; 0.021 
per cent in muscle; 0.07 per cent in arterial blood; 0.04 per cent in 
heart ; 0.083 per cent in spinal cord. It is needless to give results of 
other workers in this field, such as Grehant and Quinquand,* Luedeking,° 
Pohl,* Angiolani,* Buckmaster and Gardner,’ because their results show 
similar deviations. 

* Submitted for publication, July 31, 1930. 

* From the cheinical laboratories of the Chief Medical Examiner's Office of 
New York City, and of Washington Square College, New York University. 
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The methods used by workers in this field for the quantitative 
determination of chloroform in tissues were those suggested by 
Schmiedeberg,'” Ludwig and Fischer,'' Nicloux,'* Gibson and Laid- 


, 


law,'® Buckmaster and Gardner * and others. The procedures involved 
in these methods are, first, the isolation of the chloroform by steam dis- 
tillation or plain distillation or by passing a neutral gas, such as carbon 
dioxide or nitrogen, through the mixture ; second, the conversion of the 
chlorine in the chloroform to an ionizable chloride; third, the deter- 
mination of this chloride by the usual gravimetric or volumetric pro- 
cedures. These methods are extremely laborious, and analyses made 
by means of them have proved to us that the results obtained are 
unreliable. The explanation for this may lie in the fact that small 
quantities are always involved (from 0.005 to 0.080 Gm. of chloroform), 
and the conversion of chloroform to chloride ions is not quantitative. 

In 1914, Fujiwara’ described the pyridine color reaction with 
chloroform and related substances (sensitivity, 1: 1,000,000). He also 
attempted to use this reaction for estimating chloroform in body fluids 
and tissues. In 1926, Cole’® described a colorimetric method for 
the quantitative determination of chloroform based on the Fujiwara 
reaction. This method was tried out and critically studied in the present 
work and found to be fairly accurate. Certain modifications, how- 


ever, were tried and found to improve the method, namely: 


1. We advise using 5 cc. of distillate for the colorimetric determination instead 
of 1 cc. Since the total distillate is 250 cc., the actual value found in 5 cc. is 
multiplied by 50 and not by 250, as is the case when | cc. of distillate is used. This 
makes the method more accurate. 

2. After the color has developed, there are present two layers; the upper 
pyridine layer contains the developed pink color. Cole pipets this off into a 
colorimeter cup. The disagreeable, poisonous vapor of the pyridine makes this 
objectionable. It was found that if exactly 20 cc. of water is added and mixed, 
the two layers merge into one, the entire mixture taking on the pink color; no 
turbidity, even in weak chloroform solutions, is then encountered. This modification 
reduces the sensitivity to 1: 100,000, which is quite adequate for most toxicologic 
work, 

3>-Colored glass disks were devised to be used as permanent standards in the 
Hellige-Klett colorimeter (comparative type). 
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With these modifications, the method used in this work is in detail 


as follows: 
THE METHOD 

Isolation of Chloroform from Tissues——The brain, lungs and liver, as soon as 
removed from the body, are placed in a clean jar, sealed air tight, and placed in 
the refrigerator. When the material is ice cold, about 150 Gm. of the tissue to be 
examined is ground up. From this minced material, 100 Gm. is weighed out and 
quickly placed in a 500 cc. distillation flask; about 100 cc. of water is added, also 
a little tartartic acid—enough to make the mixture acid in reaction. The material 
is then subjected to steam distillation, a iong, well cooled condenser and an 
adapter being used. The receptable for collecting the distillate, a 300 cc. Erlen- 
meyer flask, should contain about 10 cc. of ice cold, acidified (HCl) water and 
should be packed in ice. The tip of the adapter should reach into this ice cold 
water contained in the distillate receptable. With these precautions there should 
be no loss of chloroform during distillation. Experiments have proved that if 
250 cc. of distillate is collected, all of the chloroform originally present in the 
tissue will have passed into the distillate. The distillate is well mixed, measured, 
stoppered and kept cold. For the colorimetric determination, 5 cc. portions of the 
distillate are taken. 

Preparation of Standards for Use in Colorimetric Estimation of Chloroform in 
Distillate —R-C-halogen; compounds, such as bromoform, chloretone, chloral and 
iodoform, also give the Fujiwara color reaction. It is therefore essential at the 
outset to determine whether chloroform or some other one of the aforementioned 
group is present. We are now engaged in the standardization of a method for the 
determination of the foregoing series of compounds in human tissues. 

The materials necessary for the colorimetric determination of chloroform in 
tissues are: chemically pure pyridine (colorless), 20 per cent sodium hydroxide 
solution and standards such as are described in the following paragraphs. 

The chloroform standards are made as follows: One gram of pure chloroform 
is weighed out. This is best done by placing a little more than 1 Gm. of chloro- 
form in a weighing bottle having a ground glass stopper. The chloroform is 
allowed to evaporate spontaneously, being weighed from time to time (with weigh- 
ing bottle stoppered) until the weight of chloroform in the bottle is just 1 Gm. 
This gram of chloroform is then dissolved in about 900 cc. of water contained in 
a l liter volumetric flask; 5 cc. of hydrochloric acid is added and, finally, enough 
water is added to bring the total volume to exactly 1 liter; the whole is then 
thoroughly mixed. Precautions must be taken to avoid evaporation of the chloro- 
form during the transfer. The solution contains 1 mg. of chloroform in 1 cc. 
From this stock solution a series of weaker standards are made having the following 
chloroform values: 0.5, 0.1, 0.01, 0.005, and 0.0025 mg., respectively, in 1 cc. These 
standards, even if kept in the refrigerator, are good for only one week. 

Permanent colored glass standards (an alternate standard) are prepared as 
follows: A series of glasses with varying depths of orange-pink color, simulating 
the different depths of colors obtained by various concentrations of chloroform 
when subjected to the pyridine test, are selected. Small disks of these glasses are 
cut and fitted into the circular openings of the wheel of the Hellige-Klett color- 
imeter, comparative type (figs. 1 and 2). These colored disks are then standardized 
by chloroform solutions of known concentrations. The color disks 1 to 8, respec- 
tively, have the following values: Chloroform in 5 cc. of solution, 0.125 mg., 
0.25 mg., 0.375 mg., 0.5 mg., 1 mg., 1.5 mg., 2 mg., 2.5 mg. These colored glass 
standards keep indefinitely if kept in the dark. 
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Fig. 1—Wheel holding standardized colored glass disks used with the colorimeter. 


Fig. 2—A Hellige-Klett colorimeter of the comparative type (made by the 
Klett Manufacturing Company, New York). 
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Colorimetric Estimation of Chloroform in Distillate—The colorimetric method, 
using the chloroform standards, is applied as follows: Into five clean, dry, 50 ce. 
test tubes (Folin digestion tubes may be used), 5 cc. portions of the five standards 
containing, respectively, 0.5 mg., 0.1 mg., 0.01 mg., 0.005 mg. and 0.0025 mg. of 
chloroform in 1 cc. are measured. Into a similar test tube, 5 cc. of the distillate is 
pipetted. To each of the tubes is added 5 cc. of chemically pure (colorless) 
pyridine, and then 10 cc. of 20 per cent sodium hydroxide; the contents of the 
tubes are mixed thoroughly; the tubes are corked loosely to avoid evaporation. 
Then the tubes are placed in a boiling water bath for exactly one minute and then 
cooled quickly with running water. Now exactly 20 cc. of water is added to 
each tube and mixed. The color of the unknown is compared with the colors of 
the five standards. Should the unknown match the color of the standard containing 
0.01 mg. in 1 cc. (0.05 mg. in 5 cc.), the chloroform content of the entire distillate 
(250 cc.) would be 50 times 0.05 mg., or 2.5 mg. Since 100 Gm. of tissue was used 
in getting the distillate and the recovery is 92 per cent (see under heading “Per- 
centage of Recovery”), there are 2.5 times 1.087, or 2.72 mg. of chloroform in the 
100 Gm. used for analysis. If none of the five standards exactly matches the color 
of the unknown, the latter is compared in a colorimeter with that one of the five 
standards which has a color depth closest to the unknown. From the readings 
on the colorimeter, the chloroform content in 100 Gm. of tissue is calculated as 
follows: 


Standard  _, Value of standard used in 250 s< 1.087 {correction for per- | 
Unknown ~— mg. of chloroform 5 ; { centage of recovery § 
= mg. chloroform in 100 Gm. tissue 

The colorimetric method, using colored glass standards, is especially adapted 
where routine determinations of chloroform are being done over long periods. The 
standard glasses are permanent. This method eliminates the preparation of a series 
of chloroform standards for each and every chloroform determination. It is applied 
as follows: Into a clean, dry test tube 5 cc. of the distillate is pipetted; 5 cc. of 
chemically pure (colorless) pyridine is added and then 10 cc.’ of 20 per cent sodium 
hydroxide; the contents of the test tube are then mixed; the test tube is corked 
loosely to avoid evaporation. The tube is placed in a boiling water bath for 
exactly one minute and then cooled quickly in running water. Now exactly 20 cc. 
of water is added and mixed. This colored solution is placed in the cell of the 
Hellige-Klett colorimeter. Then the wheel of the instrument is turned, the color 
of each disk being compared with that of the solution in the cell. The disk that 
exactly matches the color of the solution in the cell is noted. The value of this 
disk in terms of milligrams of chloroform is known (see previous paragraph on 
permanent colored glass standards). 


Calculation : 


disk in mg. chloro- x < 1.087 
form 5 


percentage of +; = in 100 Gm. 
recovery J tissue 


Value of colored 250 {correction for | mg. chloroform 
| 


Percentage of Recovery—Control E.xperiments.—Several series of 
control experiments were carried out: 5 cc., 10 cc., 20 cc. and 40 ce. 
of the standard 0.1 per cent chloroform solution (equivalent to 5 mg., 
10 mg., 20 mg. and 40 mg. of chloroform) were added and intimately 


mixed with a series of 100 Gm. portions of ice cold, ground-up brain 
material. The method of isolation and colorimetric determination 
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described was then resorted to. The recovery was not complete. It 


ranged between 90 per cent and 94 per cent, the great majority of 


determinations giving a 92 per cent recovery. Still, this 92 per cent 
recovery was so constant in all our determinations that we feel that the 
method is satisfactory and reliable. 

Effect of Putrefaction on Chloroform Recovery—In a series 
of experiments it was found that the chloroform content of tissues 
decreases with standing, especially if these are not kept in the refrig- 
erator. The order of recovery of chloroform from the tissues on 
standing was: one day, 82 per cent; three days, 65 per cent; six days, 


49 per cent; ten days, 31 per cent; forty-two days, 18 per cent. 
Estimations of the Chloroform Content of Tissues by the Colorimetric Method 


Chloroform Content of Tissues, 
Mg. per 1,000 Gin. 
A 


History Brain Lungs Liver 
I - weccccnes 432 395 238 
Suicide 480 462 275 
Suicide eee eX? oe 410 425 218 
Suicide 300 BaD 205 
Homicide — cal nie wede 372 485 192 
Suicide is F 384 405 14 
Suicide ot 374 304 190 
Abortion; shock : 162 115 74 
Abortion: hemorrhage ..... ; : 60 22 28 
Tonsil operation; shoci:. aa 136 105 ‘ 
Minor operation; shock........ 135 ts) 
Minor operation; shock.......... 145 Os 
Minor operation; shock se 120 106 
Minor operation; sits s-useentaiens 122 92 
Abortion; shock iobive . 182 145 
Minor operation; shock..... 120 


Anesthesia was stopped, and the patient was beginning to reeover. 
The patient died while anesthesia was being administered. 


Much of the decomposition of the chloroform is due to the fact 
that the putrefying tissue gets increasingly alkaline. The chloroform 
does not decompose so rapidly in an acid medium. The curves we 
obtained are not regular. Many factors are evidently involved. We 


are still investigating this phase of the subject. 


RECOVERY OF CHLOROFORM FROM THE BRAIN, LUNGS AND LIVER 
OF PERSONS WHO DIED FROM OR WHO AT THE TIME OF 
DEATH WERE UNDER THE INFLUENCE OF CHLOROFORM 

By means of the method just described, the brain, lungs and liver 
in a series of cases of death in which chloroform was involved were 
analyzed. The results are shown in the accompanying table : 

In cases 1 to 7, death was due solely to chloroform, administered 


in excessive amounts. In these cases, the brain contained between 372 
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and 480 mg. of chloroform in 1,000 Gm. of tissue. The lungs con- 
tained between 355 and 485 mg. in 1,000 Gm. of tissue. The values in 
the brain and in the lungs ran parallel. In four of the seven cases, 
the lungs showed slightly higher values. The chloroform content of 
the liver ranged between 190 mg. and 275 mg. in 1,000 Gm. of tissue. 
The chloroform content of the liver was only about 58 per cent of 
the chloroform content of the brain. 

In cases 8 to 16, death was due to shock. Chloroform was admin- 
istered by a physician using the care and the technic necessary in 
chloroform anesthesia. The chloroform content of the brain ranged 
between 120 mg. and 182 mg. in 1,000 Gm. of tissue. In case 9, the 
value found was only 60 mg. The reason for this was that anesthesia 
had been stopped, and the patient was beginning to recover. Death 
was due to hemorrhage. In case 16, the chloroform content was only 
70 mg., owing to the fact that the patient died of shock during the 
beginning of anesthesia. 

The chloroform content of the lungs in cases 8 to 16 was less than 
that of the brain (ranging from 95 to 145 mg.) owing to the fact that 
the patients had been fully anesthetized and the administration of 
chloroform therefore had been partially or entirely stopped. For a short 
time during the initial administration of chloroform, the lungs contained 
more chloroform than the brain, as evidenced by case 16, in which 
the patient died during this period. 

The liver in these cases also contained less chloroform than the 
brain. 

SUM MARY 

When chloroform-containing distillate is treated with pyridine 
and sodium hydroxide and heated in the water bath for one minute, 
a pink color develops. The color produced is read against similarly 
treated standard chloroform solutions. The use of permanent colored 
glass standards for the colorimetric work is described. 

After death the chloroform content of the tissues decreases daily. 
After forty-two days, only 18 per cent of the original amount present 
is recoverable. The chloroform content of the brain, lungs and liver 
in seven cases of death due to excessive administration of chloroform, 
was a follows: brain, from 372 to 480 mg., lungs, from 355 to 485 
mg., and liver, from 190 to 275 mg., in 1,000 Gm. 


The chloroform content of the brain, lungs and liver of nine 


patients after chloroform anesthesia, given in preparation for surgical 


operation, was as follows: brain, from 120 to 182 mg., lungs, from 92 
to 145 mg., and liver, from 65 to 88 mg., in 1,000 Gm. 
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The existence of renal changes during an attack of yellow fever was 
noted by the earliest observers. Today it is known that these changes 
are characterized by their constancy and their relationship to the high 
fatality of yellow fever. Appearing among the first symptoms of the 
disease, they become intensified as it develops ; in many fatal cases there 
is total suppression of renal function prior to death. 

Recent clinical observations have shown how important a part renal 


' noted these disturbances 


disturbances play in yellow fever. Beeuwkes 
in all the clinical cases which he observed in West Africa. Fraga,’ 
referring to recent cases in Rio de Janeiro, said that the renal lesions 
were usually severe and constant. Lins,* who studied a great number 
of patients in the Hospital of Sao Sebastiao, Rio de Janeiro, during the 
epidemic of 1928, found that renal lesions were present in all cases. 
Of the four clinical forms of yellow fever described by Lins,* one is 
exclusively renal and the remaining three are of the hepatorenal type, 
differing from each other only in the degree of intensity of the damage. 
The pathologic anatomy of the kidneys in yellow fever is, then, a 
matter of great interest. The present paper presents my recent obser- 
vations in this field under the supervision of Professor Oskar Klotz. 


MATERIALS USED 
Material from eighty-seven patients with yellow fever and from thirty-four 
monkeys (Macacus rhesus) experimentally infected with yellow fever was used. 
Of the cases in man fifty-three occurred in West Africa and thirty-four in South 


* Submitted for publication, Sept. 27, 1930. 

* The studies and observations on which this paper is based were conducted 
in the Department of Pathology of the University of Toronto, Canada, with the 
support and under the auspices of the International Health Division of the 
Rockefeller Foundation. 


1. Beeuwkes, H.: Report on Epidemic of West African Yellow Fever on the 
Gold Coast in 1926, International Health Division, Rockefeller Foundation 
(unpublished). 

2. Fraga, Clementino: The Yellow Fever Epidemic at Rio de Janeiro, Pub. 
Health Rep. 43:3079, 1928. 

3. Lins, S. A.: Contribuicio ao estudo clinico de febra amarella, Arch. de 
hyg. 3:193, 1929. 
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America; all the experimental animals had been infected with West African virus. 
This material was part of the excellent collection assembled by Professor Klotz. 

The stains used were hematoxylin and eosin tetra-brom-di-chlorfluorescein 
and methylene blue (methylthionine chloride, U. S. P.) and silver nitrate. Perl's 
and Goodpasture’s methods were also employed. The material was for the most 
part fixed in solution of formaldehyde, but in a small number of cases Zenker’s 
solution was used. 


RENAL LESIONS IN YELLOW FEVER IN MAN 
Since Councilman’s * description in 1890, all writers have been more 
or less in agreement as to the occurrence of the following lesions of 
the kidneys in yellow fever: (a) cloudy swelling, fatty degeneration, 
hyaline and granular degeneration of the cells of the convoluted tubules ; 
(b) necrosis; (c) presence of granular débris with hyaline, granular 
and calcareous casts within the tubules; (d) congestion and hemorrh- 
age; (e) congestion of the glomerular vessels; (f) dilatation of the 
capsular space with the occasional presence of granular or hyaline 
material from hemorrhage and from necrosis and desquamation of the 
epithelial cells of Bowman’s capsule. My observations on these changes 
are as follows: 

Degeneration.—Degeneration was most frequently localized in the 
epithelium of the convoluted tubules of the first and second order and 
in Henle’s loops. It presented variations that ranged from a simple 
swelling to complete hyaline and granular disintegration. The swelling 
of the epithelial cells was present in all the cases, and the majority 
of tubules were affected. The tubules were often considerably dilated, 
but some were completely occluded by the swollen and desquamated 
cells. 

The hyaline and granular degeneration was constant and involved 
the majority of the convoluted tubules. The cell protoplasm showed an 
increased density, was irregularly stained, and was divided into multiple 
globules, unequal in size and color. The nuclei were at times pyknotic, 
at other times karyolytic. In every case the customary pseudocilia were 
as Councilman * had noted, markedly exaggerated along the free border 
of the cells. 

Fatty degeneration was also constant, and was recognized by the 
presence, in paraffin sections, of characteristic vacuoles in the cytoplasm. 
In thirty-nine cases, in which material was stained with sudan III, the 


presence of fat was noted. These fat granules were almost always 


localized in the bases of the cells and were always irregularly dis- 


4. Councilman, W. T.: Extract from the Report on the Etiology and Preven- 
tion of Yellow Fever, by George H. Sternberg, U. S. Marine Hospital Service, 
1890, pp. 151-159. 
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tributed in the convoluted tubules, in Henle’s loops and often in the 
collecting tubules. In the great majority of cases, the fat was present 
in small quantities, sparing a great number of tubules and many indi- 
vidual cells in the same tubule. In two or three cases there was 
practically no fat, and in eight fat was present in great quantities, 
appearing in large masses in the majority of the tubules. Occasionally 
I was able to discern small fatty granules in the glomerular tufts or in 
the cells lining Bowman’s capsule. 

Necrosis.—In all the cases necrotic cells were observed, but in most 
instances such cells were few. In the great majority of cases they were 
distributed irregularly in the convoluted tubules and at times a few 
were seen elsewhere. In only five cases did I find extensive and widely 
distributed tubular necrosis. 

Casts.—Granular material or débris in irregular masses, occupy- 
ing in almost every instance the lumina of the convoluted tubules, was 
constantly observed. Sometimes the débris formed a large agglomerate 
mass completely filling the lumen of a tubule, but ordinarily the amount 
was small and of irregular form. 

Hyaline and granular casts were also present, but generally in 
small number and found in the lumina of the convoluted and the col- 
lecting tubules. The hyaline casts were homogeneous and frequently 
showed marked variation in the depth of the stain. Many contained 
vacuoles. Some of them had two distinct parts, a homogeneous center 
and a very finely granular envelope. 

In most cases the calcareous casts appeared to be localized in the 
interior of Henle’s loops and in the convoluted tubules, with an occa- 
sional one in the collecting tubules. They were seen as very small and 
agglomerated granules or, at times, as more or less globular masses, some 
showing very fine striations radiating from the center toward the periph- 
ery. These casts were not present in all the cases, but were noted in 
about 60 per cent of them, ordinarily occupying the lumina of two 
or three tubes in each section. 


The fact that iron had frequently been observed in the calcareous 


deposits in various pathologic conditions of the kidneys (Klotz,® Mac- 


Callum °) led me to search for this substance in the tissue under study. 
For this purpose sections from ten of the kidneys in which such casts 
5. Klotz, Oskar: Yellow Fever in West Africa, De Lamar Lectures, Balti- 
more, Williams & Wilkins Company, 1927-1928, p. 22. 
6. MacCallum, W. G.: Textbook of Pathology, ed. 4, Philadelphia, W. B. 
Saunders Company, 1928. 
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had been seen in great numbers were stained by Perl’s method in one 
series and with silver nitrate in another. By these methods the reaction 
for iron was easily obtained. 


Congestion and Hemorrhage.—In all cases congestion was noted, 
gy { : 


indicated by the dilatation and engorgement of the small vessels. In the 


great majority of cases congestion appeared to be much more severe 
in the medullary zone than in the cortical zone, which may perhaps be 
explained by the compression of the small vessels in the cortical zone, 
due to the swelling of the convoluted tubules. The severity of the con- 
gestion was variable, but it was present to some degree in all. 

I did not observe definite hemorrhage in any case, but in the instances 
in which congestion was most severe, a few blood corpuscles were 
found outside the vessels. 

Glomerular Changes-—Slight dilatation of the glomerular capillaries 
was of constant occurrence, and did not appear to vary in intensity. 
The capsular space, which was always more or less dilated, was empty 
in the majority of cases. Necrosis and desquamation of the cells cover- 
ing Bowman’s capsule were more or less frequent. Occasionally the 
capsular space contained granular material, and in one instance, a 
colloid-like substance. In no case did I observe rupture of Bowman's 
capsule, and only in those cases in which congestion was very intense 


did I find blood in the capsular space. 


RENAL CHANGES IN THE EXPERIMENTAL ANIMALS 


All the renal lesions usually found in cases in man were encountered 
in the experimental material, and the degree of involvement was essen- 
tially the same. 

Cloudy swelling was present in all cases, affecting a great number 
of tubules. Moderately dilated tubules were only rarely observed, and 
then in small numbers. In the cases of more extensive swelling the 
lumina of the tubules were obliterated by the swollen cells. 

Hyaline and granular degeneration was found in a small number 
of tubules, and the nuclei of the degenerated cells were generally 
pyknotic. 

Fatty degeneration, which was also present in all the cases, appeared 
in the same irregularity as in cases in man, varying with the extent and 
intensity of the other degenerative cha, ges. In twenty-five of the 
cases, sections were stained for fat, and in fifteen of these a few small 
droplets were found at the bases of the cells in a few convoluted and 
collecting tubules. In eight cases the fatty change was extreme, involving 
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all cortical tubules and some of those in the medullary zone, whereas 
in two other cases fat was almost entirely absent. 
I saw small numbers of necrotic cells in the majority of the cases, 


always irregularly scattered through the various tubular structures of 


the kidney. In a few cases necrosis was extensive. 

Granular débris, forming sometimes hyaline, granular and calcareous 
casts, was also commonly observed, but in relatively small quantity. 
Casts were entirely absent in many cases. On careful search calcareous 
deposits were demonstrated in only about 30 per cent of the cases. 
In these they presented the same appearance as in the cases in man 
and were also found to contain iron. 

Congestion was regularly present, but always in moderate degree 
and more marked in the medullary than in the cortical zone. The glo- 
meruli only rarely showed engorgement. The capsular space was 
moderately dilated in most cases, and only in two instances did it 
contain any débris. In a few cases Bowman’s capsule showed necrosis 
and desquamation of the lining cells. 


NUCLEAR CHANGES 

In the human cases, as in the experimental, the nuclear changes 
presented a curious appearance not hitherto described. All phases 
of degeneration—pyknosis, karyorrhexis and karyolysis—were observed 
in the cells undergoing hyaline and granular degeneration. In the 
cases in man, karyolysis occurred more frequently, with prominent 
chromatin granules in the interior of the nuclei. Often the central 
chromatin filaments had disappeared, leaving the nucleus pale. In the 
experimental cases, in which the changes were, in general, less pro- 
nounced, the condensed and deeply stained chromatin was more fre- 
quently observed. 

In five of the cases in man, all African in origin, I found in the 
center of some of the degenerated nuclei homogeneous globular masses 
surrounded by a clear zone. These masses were generally irregularly 
ovoid or irregularly spherical. They varied in size from about one- 
third that of the nucleus to approximately its full dimensions. These 
intranuclear structures or bodies were rose-colored in the hematoxylin 
and eosin preparations and an intense and brilliant red in sections stained 
with tetra-brom-di-chlorfluorescein and methylene blue ; there was never 
more than one in each nucleus. The chromatin in these nuclei appeared 
to adhere to the nuclear membrane, forming irregular layers; but at 
times it was entirely absent, and the inclusion body was the only structure 
contained within the nuclear membrane. Only once did I observe 
distinctly a nucleolus in these nuclei. It was stained pale blue and was 
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Fig. 1—Nucleus of a cell of a convoluted tube, showing an inclusion in its 


interior. 


. 2.—Nuclei of three cells, showing inclusions. 








Fig. 3.—Nucleus containing an inclusion with irregular and smooth borders 
(less frequent form), the nucleolus being very clearly seen. This illustration and 
that in figure 4 are taken from colored sketches (laminae stained with tetra-brom- 


di-chlorfluorescein and methylene blue). 








Fig. 4.—Inclusions of oval form, with convex borders (common type), occupy 


ing the nuclei of two cells. 
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entirely isolated from the nuclear mass. In one case the inclusion 
bodies were relatively numerous and were found within several ceils 
of the same tubule, but in other cases they were scarce and a prolonged 
search was necessary in order to locate one or more of them. 

The presence of similar bodies was also noted in the infected 
monkeys, but less regularly. In the cases in man the bodies were found 
in every instance in which Zenker’s solution had been used as a fixative 
for the material, but in cases in monkeys, they were found in only four 
of the fifteen cases in which the material had been fixed in this so- 
lution. 

Results of Examination of Kidney Tissue from Fifteen Autopsies for Intranuclear 


Acidophil Bodies 


Acidophil 
Autopsy Clineal Diagnosis Renal Lesion Masses 
A. 5-30 Eetamtile AOUROMIRs «ok vccccccvsccevsee Se 1a edende cout Absent 
A. 9-30 Syphilitic aortitis and stenosis of the | re Present 
coronary arteries 
A. 11-30 Chronie pulmonary tuberculosis...... i eee Absent 
A. 16-30 Carcinoma of the thyroid gland...... Chronic interstitial ne- Absent 
phrosis 
A. 18-30 Otitis media and meningitis........... Mada ckentnanees<o Absent 
A. 22-30 Generalized arteriosclerosis............ Pyelonephrosis........ Absent 
A, 23-30 Acute gangrenous stomatitis.......... Chronie nephrosis and Present 
hyaline degeneration 
\. 24-30 Septic GRGOMSTICIB...o 6.0505 crcvecccccse RSE Keen Absent 
4. 25-30 Tumor of the brain with hydrocepha- sin~s banrcceeudeaus Absent 
lus 
A. 26-30 i iwtandts <00nccs0vsesseawnees pe eee Absent 
A, 27-30 Acute pyelonephritis................++. Pyelonephrosis........ Absent 
A. 29-30 G6 von inescsetvateses's Eis 650600500 Present 
A. 32-30 as, 5-6-6teh vaceodecsteseres Chronie nephrosis..... Absent 
A, 34-30 Congenital bladder trouble............ Pyelonephrosis........ Absent 
A, 36-30 Carcinoma of the pancreas............ ee Absent 


In order to determine whether these acidophil bodies could be found 
in cases other than those of yellow fever, I collected kidney tissue from 
fifteen autopsies on human beings. This material was fixed in Zenker’s 
solution and stained with hematoxylin and eosin in one series and with 
tetra-brom-di-chlorfluorescein and methylene blue in another. The table 
gives the observations. In three cases the kidney showed intranuclear, 
more or less homogeneous, acidophil masses, of irregularly spherical 
form and with smooth borders, similar to those encountered less fre- 
quently in the cases of yellow fever. I did not observe the irregularly 
ovoid masses with convex borders which were frequently seen in cases 
of yellow fever. All of these masses failed to take Goodpasture’s 
stain, appearing only slightly dark and showing the presence of colloid 
material, while in the same preparations the nucleoli were bright red 
and the chromatin bluish violet. 

In all the stained material which was fixed in Zenker’s solution, in 


the human, as well as in the experimental, cases of yellow fever, I fre- 
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quently observed nuclei that were slightly increased in size and contained 
irregularly agglomerated granules, some of which were blue and some 
rose-colored. 

One of the cases in man showed numerous degenerated cells in the 
convoluted tubes. Some of these contained compact, homogeneous 
nuclei, apparently solidified and intensely red; some were filled with 
fine red granules contained in a pale rose-colored hyaline mass, which 
completely filled the interior; some showed less intensely colored 
granules, which had lost their contours and become fused with the mass 
of protoplasm. These various pictures gave the impression of phases 
of a nuclear degeneration in which the nucleus is at first homogeneous 
and compact and by degrees breaks up into innumerable granules until 
it becomes fused with the protoplasm in granular or hyaline degenera- 
tion. I succeeded in demonstrating nuclei of similar character in only 


two other cases in man and in one of the experimental cases. 


COMMENT 

Councilman, in 1890, in describing the pathologic changes in the 
kidneys in yellow fever, drew attention to the intensity of the degen- 
erative processes localized in the cells of the convoluted tubules and 
pointed out, as the principal lesion, the hyaline and granular degenera- 
tion of these same cells, in which the cytoplasm is described as being 
composed of immense numbers of hyaline granules, stained deeply 
with eosin. He noted also fat vacuoles in the protoplasm of these 
cells, and dilated convoluted tubules filled with granular hyaline débris. 
He even distinguished the glomerular changes through the dilatation 
of the capsular space and the presence, in its interior, of granular 
material and frequently of round hyaline masses. He noted the pres- 


ence in many cases of a colloid material and of crystals in the lumina 


of the tubules. He described the colloid material as being composed 
of round, and at times irregular, masses, which often combined to 
form long chains. The material of these structures was entirely 
hyaline, and composed of numerous layers, like a grain of starch. He 
described the crystalline masses that he found in all cases as having 
a yellow or greenish-yellow color, neat and sharpened borders, and 
numerous lines or cracks which radiated from the center toward the 
periphery. He noted that these crystals did not take the stain of any 
of the reagents used. He also found epithelial casts and observed 
leukocytes within the tubules. Marchoux and Simond,’ in their obser- 


7. Marchoux, E., and Simond, P.-L.: Etudes sur la fiévre jaune, Quatriéme 
mémoire de la mission francaise 4 Rio de Janeiro, Ann. de I'Inst. Pasteur 20:161, 


1906. 
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vations in 1906, reported the presence of fatty degeneration, which was 
extensive in some cases and slight in others. The first was observed 
especially in cases terminating in anuria. They also reported the presence 


of casts composed of desquamated cells and of extravasated red cells, 


at times obliterating the lumina of several tubes. Elliott,* in 1918, 
referring to cases in Guayaquil, described changes varying from cloudy 
swelling to complete necrosis of the epithelium of the convoluted tubes. 
He noted the fatty changes and described structureless masses that 
were always present in cases with marked necrosis. He drew attention 
to the hyperemia of the glomeruli, and pointed out that the capsular 
space occasionally contained a small quantity of exudate. 


, 


Da Rocha Lima,’ in describing a more or less pronounced nephrosis, 
noted the presence of calcareous concretions in the interior of the 
tubules, similar to those observed in cases of mercury poisoning. 

Blair, Aitken, Connal and others *° drew attention to the congestion 
and dilatation of all the vessels ; to edema and hemorrhages between the 
tubules, which often contained colloid material; to fatty degeneration, 
swelling of the cells of the convoluted tubules, desquamation and 
hemorrhage in the capsular space of the glomeruli, and to changes 
in the convoluted tubules distant from the glomeruli. 

Torres,'' in a case of yellow fever, noted edema of the capsular 
space, swelling and desquamation of the cells of Bowman’s capsule, 
intense fatty degeneration of the epithelial cells of the convoluted 
tubules and hyaline and hemorrhagic casts in the interior of the straight 
tubules and Henle’s loops. He also pointed out that although some of 
these loops showed extensive necrosis and desquamation of their cells, 
the cells accumulated in the interior of the loops, in groups resembling 
endothelial leukocytes, sometimes became intensely blue when stained 
with hematoxylin, as if they had been saturated with calcareous salts. 
Referring to Hoffman’s '* observations on these casts during the Havana 
epidemic of 1906-1909, he emphasized the fact that in the case which 
he himself had seen they occupied scarcely two or three tubes in each 
section. 

Klotz,® in his reference to yellow fever in West Africa, mentioned 
the absence of inflammation of the kidneys. He also noted the degen- 


8. Elliott, C. A.: Clinical Study of Yellow Fever, Arch. Int. Med. 25:174, 
1920. 

9. da Rocha Lima, A.: Folia med. 7:169, 1926. 

10. Blair, A.; Aitken, A.; Connal, and others: Tr. Roy. Soc. Trop. Med. & 
Hyg. 20:166, 1926. 

11. Torres, A. M.: Mem. do Inst. Oswaldo Cruz 19:13, 1926; Socieda de 
Brasileira de Biologica 102:414, 1929. 

12. Hoffmann, W. H.: Sciencia med. 6:153, 1928. 
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erative changes affecting not only the convoluted tubules, but also 
Henle’s loops and occasionally the collecting tubules, very extensive 
necrosis in some cases, great irregularity in the amount of fat and 
congestion and desquamation of the cells of Bowman’s capsule. Hud- 
son '® observed swelling and necrosis of the tubular epithelium, fatty 
degeneration, congestion of the small vessels and in particular of the 
glomeruli, débris, hyaline, granular and calcareous casts in the lumina 
of the tubules, dilatation of Bowman’s capsule, with the presence in its 
interior of granular material, and the absence of hemorrhage and inflam- 
mation. 

The changes described by Councilman‘ forty years ago were 
observed in my cases. The hyaline and granular degeneration that 
he described as being the principal change in the cells of the convoluted 
tubules was found to be the dominant lesion in my cases, both because 
of its intensity and because of the frequency of its occurrence. My 
observations differed from those of Councilman, however, with respect 
to the presence of leukocytes, which he found and interpreted as a 
manifestation of an inflammatory reaction. | found no trace of leuko- 
cytes in any of my cases. 

The necrosis described by Elliott,* Klotz,’ Torres'’ and Hud- 


son 13 


was found in my cases, though I did not note any predilection 
for the cells of the convoluted tubules. In the majority of cases, the 
necrosis was sparsely and irregularly distributed, involving cells of the 
various structures of the kidneys. The fatty degeneration noted since 
Councilman’s day, which Marchoux and Simond observed to be of 
varying intensity, I found, in the majority of my cases, to be very mild. 
Klotz ®° emphasized the great irregularity of the amount of fat and 
called attention to the disproportion existing between the intensity 
of the degenerative processes and the amount of fat found. This 
disproportion, as I have already pointed out, was definite in my cases. 

Councilman * noted the presence of crystalline masses, at times 
with lines of fractures radiating from the center toward the periphery. 
These were evidently calcareous casts. I cannot understand why he 
found them yellow or greenish-yellow and resistant to the reagents 
used, since it is known from the work of others that they can be 
stained a vivid blue with hematoxylin. I saw them thus in my cases, 


frequently with the radiations from the center toward the periphery, 


to which Councilman referred. With regard to the frequency of 
these deposits, I found them in about 60 per cent of my cases, but in 


only a few tubules in each section, thus confirming Klotz’ * percentages 


13. Hudson, N. P.: Am. J. Path. 4:395, 1928. 
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1 | found, also, that these casts 


and the small numbers noted by Torres.’ 
showed iron in their composition. 

The congestion referred to by the majority of observers was present 
in all my cases, and it is important to note that it was always more 
marked in the medulla than in the cortex. 

I did not observe definite hemorrhages in my cases, but they were 


noted in the cases of Blair, Aitken, Connal and others,'® although not 
by Hudson.'* In experimental yellow fever, Stokes, Bauer and Hud- 
son '* reported finding extreme fatty degeneration of the majority of 
the cells of the convoluted tubules and at times also of the collecting 
tubules. These investigators found hyaline, granular and calcareous 
casts, but not in all specimens. They noted occasional congestion of 
the deposits and emphasized the absence of hemorrhage and inflamma- 
tion. 

Hudson,'* comparing the lesions present in experimental cases 
with those found in cases in man, noted that the lesions occurred in 
much milder form in the infected monkeys. 

My observations confirm the reports of these investigators, except 
with regard to fatty changes, which were very moderate in the majority 
of my cases. 

The presence of acidophil masses, which I observed in the interior 
of the nuclei of cells in degeneration, in human as well as in experi- 
mental cases, was not mentioned by any of the previous investigators. 
Stokes, Bauer and Hudson '* mentioned the presence of masses of 
acidophil granules in the interior of the nuclei of cells in degeneration 
in the liver in monkeys experimentally inoculated, and Torres described 
acidophil nuclear inclusions in the hepatic cells of thirty-one of forty- 
three infected rhesus monkeys. Penna and de Figueiredo '* confirmed 
Torres’ observations, finding the same inclusions in the cells of the liver 


in thirty-six rhesus monkeys, and Cowdry and Kitchen '® found them 
also in the liver, but only in cases of yellow fever in man. 

The acidophil structures which I noted differed from the inclusion 
bodies observed by Torres,'' for, while the latter’s always showed the 
granular structure described by him and by Cowdry and Kitchen,"® 
mine were more or less homogeneous and hyaline, and varied in form, 
heing at times irregular in shape with smooth borders, but more com- 
monly oval with convex borders. This marked difference makes me 


think it possible that the masses I found were acidophil and swollen 


14. Stokes, A.; Bauer, J., and Hudson, N. P.: Am. J. Trop. Med. 8:103, 1928. 


15. Penna, Oswina, and de Figueiredo, B.: Folia med. 10:229, 1929. 


16. Cowdry, E. V., and Kitchen, S. F.: Intranuclear Inclusions in Yellow 
Fever, Sciencia 69:252, 1929. 
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nucleoli, although they did not in any way suggest nucleoli, either in 
their form or in their isolation in an empty and very clear space in 
the center of the nucleus. Torres,'' in describing the presence in some 
cells of the liver in yellow fever of nucleoli in degeneration which 
appeared to be acidophil and considerably swollen, advised in such 
cases staining by Goodpasture’s method (aniline fuchsin, differentia- 
tion with alcohol) and with Loffler’s alkaline blue. This stains the 
degenerating nuclei an intense red, and thus differentiates them from 
the true inclusions, which become violet blue. Using this method, I 
observed that while the nucleoli appeared to be stained an intense red 
and the nuclear chromatin violet-blue, the masses referred to took 
neither of the two stains, appearing only slightly darkened and resem- 
bling colloid material. 

The nature of these masses and also of the inclusions described by 
Torres '' is not easy to explain. It seems reasonable to suppose that 
they are nothing more than the result of nuclear degeneration, and 
that the chromatin, the nuclear fluid and often even the nucleolus 
(elements that combine in degeneration, assuming one aspect or another ) 
contribute toward the formation of these masses. The fact that | 
encountered acidophil masses in the cells of the kidneys in cases other 
than those of vellow fever, but in which there was cellular degenera- 
tion, is significant, and I believe that in cases of parenchymatous 
degeneration a more accurate investigation of the various structures 
of the organism and of different morbid conditions will reveal these 
nuclear pictures perhaps with a certain frequency, indicating nonspecific 
degeneration of nuclear material, as indicated in the observations of Von 
Glahn and Poppenheimer.'* 

Proof that nuclei in their diverse degenerative phases can present 


the most varied forms may be found in the fact that in some of my 


cases they became entirely solidified into a homogeneous, acidophil 


mass and afterward became disintegrated into minute fragments in 


the midst of the protoplasm in hyaline and granular degeneration. 


CONCLUSIONS 
From what has been reported it may be concluded that the kidneys 
in yellow fever are severely and characteristically injured ; the lesions 
correspond in their nature and intensity to the gravity of the clinical 
disturbances. 
While variations are found in the severity of the more definite 
lesions, the kidney in yellow fever may, from the standpoint of the 


17. Von Glahn and Poppenheimer, A. M.: Intranuclear Inclusions in Visceral 
Disease, Am. J. Path. 1:445, 1925. 
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pathologic histology, be described as follows: The convoluted tubes are 
dilated, and their cells are swollen and in a state of intense hyaline 
and granular degeneration. There is necrosis of some cells in the various 
structures; the glomeruli, with their tufts, are engorged; the capsular 
space is dilated ; necrosis and desquamation of the cells of the epithelial 
covering the Bowman’s capsule is observed; there is granular material 
or débris in the interior of a great number of convoluted tubes ; hyaline, 
granular and calcareous casts occupy the lumina of some convoluted 
tubules, of Henle’s loops or of the collecting tubules; there is con- 
gestion of the small vessels, most marked in the medullary zone. There 
is neither hemorrhage nor inflammation. 

The following points are noteworthy: (1) fatty degeneration plays 
a minor role in the ensemble of degenerative changes, in the great 
majority of cases; (2) the calcareous casts contain iron; (3) some of 
the nuclei of the degenerating cells contain acidophil, homogeneous, 
hyaline inclusions, sharply isolated in an empty, clear space; (4) other 
nuclei show some form of degeneration as manifested by their solidifica- 
tion into acidophil, compact, hyaline masses, breaking up afterward 


into innumerable granules, which tend to lose their color and gradually 


to become fused with the mass of protoplasm, which in such cases is 
always found undergoing hyaline and granular disintegration. 








SPONTANEOUS SCURVY IN MONKEYS * 


BEATRICE F. HOWITT, M.A. 


SAN FRANCISCO 


Since no description of the spontaneous occurrence of scurvy in 
monkeys could be found, the following report is offered for those 
interested in the care of these animals. 

On Nov. 7, 1929, a shipment of monkeys (lot 19) was received 
at the Hooper Foundation, San Francisco, from a dealer who had 
acquired the animals a few weeks previously from an English freighter 
from Calcutta, India. During the forty days of the voyage, the monkeys 
were fed, so far as could be ascertained, largely on unhulled (“paddy”) 
rice and dried beans without any greens. This diet was continued at 
the dealer’s warehouse, with the addition of vegetables once a week. 
As the shipment appeared healthy, no particular attention was _ paid 
to the individual animals on arrival at the laboratory. They were given 
the customary diet, which had recently been changed, however, owing 
to the prevalence of bacillary dysentery in a previous shipment. The 
quantity of fruit and vegetables had been reduced, with a corresponding 
increase of dry food, sunflower seed, rice and barley. Fifteen days 
later, on November 22, it was noticed that a small female, no 442, 


was lame, having great difficulty in climbing. This animal was removed 


from the others and placed in a small cage for observation. Four days 


later, on November 26, the eyelids appeared dark and markedly 
edematous, the gums were bleeding, a tooth was gone, and the right 
elbow joint was enlarged and painful to the touch. The legs were 
moved with difficulty, and the animal uttered short cries when attempting 
to climb. A tentative diagnosis of scurvy was made. 
ADVANCED CASES 

Thirty-nine stock monkeys of lot 19 were then examined for 
clinical manifestations of scurvy. The individual results are shown in 
table 1, and a general summary is included in table 2. 

Bleeding of the gums on pressure, with accompanying looseness 
of the teeth, was the principal symptom noticed in thirty-five of the 

* Submitted for publication, Sept. 2, 1930. 

*From the George Williams Hooper Foundation for Medical Research, of 
the University of California. 

* This study was aided by grants from the anonymous Poliomyelitis Donation 
of the Hooper Foundation. 
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thirty-nine monkeys (89.7 per cent). The gums of many were spongy 
or bluish. Soft, cushion-like swellings on the head, usually over the 
frontal bone, were shown by 30.7 per cent; 20.5 per cent were lame, 


Cushion-Like 
Cranial 
Swellings 


Bleeding 


Monkey Gums 


Stock 4 0 0 
Stock 5 
Stock 6 ' 
Stock 7 0 
Stock 8 (old 
309 0 
401 0 
402 0 
4033 0 
412 (449) 0 
415 
414 0 
415 
417 (447) (slight) 
418 0 
419 0 
420 
421 
422 
4233 
424 
425 
445 
427 (448) 


0 


scar) 


(slight) 

(slight) 
0 

(slight) 

(slight) 
0 


0 
(slight) 


Swollen 
Eyelids 


TaBLE 1.—Lesions Noticed in Thirty-Nine Monkeys Soon After Their Arrival * 


Manner 
of 
Death 
Killed 
Died 

0 Died 
0 Killed 


Cushion-Like 
Swellings 
of Ear 
0 0 0 


General 
Weakness 


Swollen 


Lameness Joints 


0 
0 


(Uleerated 
back) 


= lesion present; 0 = lesion unnoticed. 


TABLE 2.—Summary of Lesions 


Lesions 


Bleeding gums 

Cushion-like cranial swellings 
Swollen eyelids . 

Cushion-like swe 

Lameness 

Swollen joints 

Deaths 

Recoveries 

Combination of several symptoms 


in Thirty-Nine Monkeys at Time of Arrival 


Per Cent 
89.7 
30.7 

7.6 
1.3 
POD 


Number 


especially in the hip joints; 10.2 per cent had greatly swollen joints ; 


15.3 per cent showed soft swellings on one or both outer ears, or 


else the tissueswas shrunken or wrinkled, indicating the absorption of 


an old hemorrhage ; three, or 7.6 per cent, died within a few days. Two 


of the latter showed symptoms of advanced scurvy, but also had a 
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complication of bacillary dysentery (Flexner type), while the third 
died of septicemia due to a large abscess on the back following a ruptured 
hemorrhagic area along the spine. Another animal (stock M7) was 
weak, thin and unable to climb, so that it was killed on Dec. 3, 1929. 

The details of the postmortem observations in three monkeys (nos 


5, 6 and 7) are given in the following paragraphs. 


M Stock No. 5.—On Dec. 1, 1929, the animal died during the night. Extensive 
subperiosteal hemorrhages were found around both shoulder joints. The head of 
the right humerus was rough and eroded. Hemorrhages were noted along the 
muscle sheaths of both arms down to the elbows. Extensive subperiosteal hemor 
rhages were present over the whole frontal bone of the skull. The eyelids were 
greatly swollen. The liver was pale and patchy. The spleen was spoggy, soft, 
dark red and bulging, when cut. The pancreas was normal; the kidneys were 
pale; the heart was enlarged. A few petechial hemorrhages were seen on the 
outer wall ‘of the colon, but no definite mucosal ulcers. The Flexner type of 
dysentery organism was isolated from the colon. 

M Stock No. 6—The animal died during the night of Dec. 3, 1929. It had 
been thin and emaciated, unable to climb easily and lame; it showed bleeding from 
the gums. The liver was pale; the spleen was dark red and spongy; the kidneys 
were pale; the lungs were normal. The heart was large; the myocardium, soft. 
Small petechial hemorrhages were present on the outer wall of the colon. The 
Flexner type of dysentery organism was isolated from the colon. Subperiosteal 
hemorrhages with subsequent clotting were observed around the heads of both 
humeri and of both femurs. No hemorrhages into the joints were noted, but the 
long bones were eroded and easily broken at the upper epiphyses. An extensive 
subperiosteal hemorrhage covered the entire frontal bone, while a small blood 
clot was present above the dura. The gums were congested, and there was bleeding 
from the front incisors. 

M Stock No. 7.—The monkey had been weak and emaciated, showing difficulty 
in climbing. It suffered from extensive bleeding from the gums. On Dec. 3, 1929, 
it was killed with chloroform. The peritoneal cavity was dry. The spleen was 
small and dark, with margins slightly rounded. The liver was mottled; its lobular 
structure was pronounced; the blood in the portal veins was watery; some lobuli 
were grayish, others slightly yellowish. The lungs were normal. The myocardium 
was flabby. The lymph nodes showed blackish pigmentation. Intramuscular and 
subperiosteal hemorrhages extended along the left humerus, with marked erosion 
at the epiphyses and the joint surfaces. Intramuscular hemorrhages also extended 
along the right arm. The same hemorrhagic condition and erosion of the bone 
were present in both femurs. Extensive hemorrhage was present over the whole 
frontal bone of the skull. There was bluish discoloration of the gums. Petechial 
hemorrhages were seen along the outer wall of the colon, but no dysentery 
organism was isolated, because the cultures were overgrown by Bacillus proteus. 


HEALING CASES 
Since the clinical and postmortem observations were those of scurvy, 
the diet of the monkeys was changed to correct the vitamin deficiency. 
Each animal was given one fourth of an orange every day, with raw 


cabbage and bananas twice a week. Carrots were included once a 
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week, with a daily ration of sunflower seed alternating with rice and 
barley. Marked improvement was soon noticed in the condition of the 
animals. Their appetites increased. They could run about and climb 
more readily. There was less bleeding from the gums, and the swelling 
of the eyelids and of the joints decreased. 

During the next few months all of these animals were used for 
other experimental work, but were occasionally examined for any 
abatement of the symptoms of scurvy. The soft subperiosteal swellings 
over the cranial bones and the hemorrhagic swellings of the ears 
were slower to disappear than the other manifestations, but were 
entirely gone when most of the animals were put to death. Absorption 
of the hemorrhages in the ear resulted in a dried and wrinkled con- 
dition of the tissue, giving the outer ear an irregular, deformed appear- 
ance, while absorption of the cranial hemorrhages occasionally left a 
shallow depression in the skull bone. 

Two monkeys (nos. 425 and 442) were studied more carefully 
than the others. One of these animals (no. 442) presented advanced 
scurvy, while the other (no. 425) showed only slight symptoms. Several 
roentgenograms were taken during life, the diagnoses being made by 
Dr. H. FE. Ruggles and Dr. R. S. Stone of the University of Cali- 
fornia Hospital. The histories of these two monkeys are as follows: 

Monkey 425.—The animal was a medium-sized male monkey of the species 
Vacacus rhesus. 

Nov. 29, 1929: The monkey was lame in the left leg, showed a soft swelling 
of the cranium and bleeding along the upper front gums. It was given oranges 
and cabbage with the diet. 

December 9: The animal was improved, but still slightly lame. X-ray pictures 
were taken; they showed a slight irregularity in the epiphyseal lines at the lower 
ends of both femurs and at the upper epiphyses of the right humerus. 

December 26: The animal was much improved; no lameness nor bleeding oi 
the gums was noted. 

Jan. 9, 1930: The animal was very active. X-ray pictures showed increased 
calcification about the upper end of the right humerus. 

February 11: The monkey was in good condition; its fur was smooth; there 
were were no cranial swellings, and the animal was lively. X-ray pictures showed 
improvement in the bone changes. 

March 20: The monkey was given an intracranial injection of poliomyelitis 
virus. 

March 30: The animal was paralyzed, and died during the night. 

Postmortem Examination—The heart was enlarged, the kidneys normal, the 
spleen pale, the liver yellowish with rounded margins, the pancreas and intestines 
normal. <A slightly healed subperiosteal hemorrhage was present over the right 
frontal bone and there were no signs of active hemorrhages in the long bones. 

Monkey 442.—The animal used was a small female monkey of the species 


Macacus rhesus. 
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Noy. 22, 1929: The monkey was lame in both legs, showing great difficulty in 
climbing. 

November 26: The gums were bleeding, one tooth was gone, the eyelids were 
extremely swollen, and the right elbow joint was enlarged and painful. The anima! 
was fed the juice of one orange. 

November 27: The eyelids were much improved, swelling was _ reduced, 
although evidences of subcutaneous hemorrhages were still noticed. Much difficulty 
was experienced in climbing because of the swollen right elbow and knee joint. 
The diet was changed to correct the vitamin deficiency. 

December 9: The animal was much improved, climbing more easily. X-ray 
pictures showed subperiosteal hemorrhages about the shafts of both humeri and of 





X-ray pictures of monkey 442: A, x-ray picture taken on Dec. 9, 1929; note 
the subperiosteal hemorrhages around the upper ends of both humeri. B, x-ray 
picture taken on Jan. 9, 1930, showing marked calcification around the heads of 
both humeri. C, x-ray picture taken on April 29, 1930, showing increased calcifica- 


tion around the heads and along the shafts of both humeri. 


both femurs, with irregularity at the upper epiphysis and of the shafts of both 
humeri and of the lower end of the left radius (fig. 4). 

December 26: The monkey was greatly improved, climbing around easily, 
although there was bleeding of the gums above the upper incisors. 

Jan. 9, 1930: There were no swollen joints, and much improvement was noted. 
X-ray pictures showed a large amount of calcification in the subperiosteal hemor- 
rhages of both humeri (fig. B). 

January 10: The animal had no bleeding of the gums, but had lost the lower 
right canine and premolar teeth. It could climb easily. 

February 11: The animal was in good condition, ate well, showed smooth fur, 
and climbed easily. 
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April 29: X-ray pictures showed a large amount of calcification at the upper 
ends of both humeri (fig. C.). 

April 30: The animal was bled to death from the heart after it had con- 
valesced from an attack of experimental poliomyelitis. 


Postmortem Examination.—The animal was in very good condition. There was 
no bleeding from the gums. There were signs of healed and absorbed subperitoneal 
hemorrhage over the entire frontal bone, and enlargements of the bone at the head 
of both humeri, with a slight amount of mucoid synovial fluid within both shoulder 
joints. There were no signs of hemorrhages around the long bones. The lungs, 
heart and kidneys were normal. The liver, spleen and pancreas were pale, owing 
to the bleeding from the heart. The intestinal wall was normal and free from 
ulcers or hemorrhages. 


COMMENT 


All of the monkeys in lot 19 either died or were killed at various 
times during the six months from the early part of December, 1929, 
to the end of May, 1930. Table 3 shows the date of death, the length 
of time since the first examination and an outline of the postmortem 
observations in respect to scurvy. The latter may be compared with 
the results as given in table 1 for the first physical examinations. 

With the exception of those animals that died during the first few 
days (nos. 4, 5, 6 and 7), none of the monkeys showed active bleeding 
from the gums at autopsy, or any active hemorrhages in the long bones. 
Evidence of healed and absorbed subperiosteal hemorrhages were noticed 
in eleven monkeys, six of which had not previously shown any signs of 
the cushion-like cranial swellings (monkeys 401, 412, 414, 417, 434 
and 442). These swellings had been noticed in the other five animals, 
but they were absorbed and in the process of healing five weeks later, 
at the least. Similarly in monkeys 412 and 414, the tissue of the outer 
car had become wrinkled and shrunken, while in monkeys 422 and 432 
the ear swellings had entirely disappeared within from two to four 
months, respectively. Seven of the group showed a slightly increased 
mucoid synovial fluid within some of the joints after from one to four 
months, indicating that the subperiosteal hemorrhages of the long bones 
were still being absorbed. 

Exclusive of monkeys 5, 6 and 7, none of the animals was lame 
at the time of death. Twelve of thirty-six showed evidence of healed 
and absorbed hemorrhages either in the subperiosteum or between the 
muscle sheaths around the ends of the long bones. The epiphyses 
were often fragile, fracturing easily. Monkey 421 showed an enlarged 
callus at the head of the humerus (seventy-seven days after the first 
examination), while the same appearance was seen around the head 
of the left femur of monkey 415 (thirty-six days) and at the proximal 
ends of both humeri of monkey 442 (forty-three days). There was 





582 ARCHIVES OF PATHOLOGY 


an extensive gelatinous subcutaneous exudate along the right arm of 
monkey 418, suggestive of a former widespread hemorrhagic condition 
which was slowly being absorbed (seventy-nine days after the first 
examination). It was interesting to observe that after dietary treat- 
ment excessive calcification developed subsequent to absorption of the 
hemorrhages around the long bones. This is well illustrated by the 
x-ray pictures of monkey 442. During the acute hemorrhagic stage 
(shown in A), the bone structure of both humeri appeared normal in 
size, surrounded by a soft layer of blood. In the later pictures (B and 
C), an increasing amount of calcification was clearly demonstrated 
until the bone shaft was completely distorted. 

The character and extent of the lesions in this group of monkeys 
both during life and at postmortem examination, with the evidences of 
marked improvement on dietary treatment alone, fully confirmed the 
original diagnosis of scurvy. The prompt response to orange juice 
and cabbage, both rich in vitamin C, was most encouraging, as well 
as confirmatory. 

After each autopsy, the animal’s head was removed and given to 
Dr. Hermann Becks for a detailed examination of the dental condition, 
while the long bones of several monkeys were given to Dr. Moritz 
Weber for a microscopic examination of the bone structure. Separate 
reports of their observations will be given later. 

Harden and Zilva? found that scurvy could be produced in monkeys 
in about two months, and that protection from the disease resulted 
on feeding from 2 to 5 cc. of orange juice per day. This period of 
development corresponds with that presumably occurring in the case 
of the monkeys of lot 19, forty days being allowed for the voyage 
and the three or four weeks’ interval before the diagnosis was made. 
In 1924, Howe? also produced scurvy in monkeys, but was mainly 
interested in the dental aspects of the disease. 

The most extensive and detailed description of experimental scurvy 
in monkeys is that of Hart,’ who in 1912 induced the disease by feeding 
condensed milk. His description of the clinical manifestations cor- 
responds closely to the observations recorded for lot 19. He stated 
that the animals gradually lost their liveliness and showed a loss of 
appetite, while their movements became slow and cautious. The limbs 
were painful to the touch, as was manifested by their short cries and 
jerky motions. Bleeding gums appeared early, although in no case was 
there an ulcerative stomatitis. The gums finally showed diffuse bluish- 


. Harden and Zilva: Biochem. J. 14:131, 1920. 
. Howe: J. Am. Dent. A. 11:1161, 1924. 
3. Hart: Arch. f. Kinderh. 76:507, 1912. 
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red swelling. Cushion-like swellings were observed on the skull, as 
well as intense, but quickly retrogressing, exophthalmia with hemorrhage 
of the upper eyelids. Swellings of the epiphyseal ends of the long 
bones and fractures, especially in the lower part of the femur and the 
upper part of the humerus, were frequently observed. Hemorrhages 
between and into the muscle bundles were often present, and extra- 
vasated blood could be found in the meninges, lungs, kidneys, and 
intestinal mucosa. Occasionally there was blood in the proximity of the 
epiphyseal endings of the long bones, while a complete casing of blcod 
was often seen around the femur and the humerus, extending from the 
proximal to the distal articulations. Severe changes were noticed in 


the jaw bones, with a bloody suffusion of the gums. He also noticed 


occasional subperiosteal hemorrhages of the orbital roof, of the ribs 
and of the bones of the skull, and bleeding around the optic nerve. The 
bones, especially those of the jaw and skull, were often severely eroded 
and very friable. 

Similarity between the clinical pictures of the experimental and 
the spontaneous development of scurvy in monkeys is thus readily 
observed. 

SUMMARY 

A report is given of the spontaneous development of scurvy in a 
group of thirty-nine monkeys (Macacus rhesus) received from India. 
The diagnosis was made from the clinical symptoms, the x-ray pictures 
and the postmortem observations, all of which corresponded closely 
to the description given by Hart of experimental scurvy in monkeys. 
A change of diet to one rich in vitamin C produced marked improvement 
within a few weeks, with subsequent complete recovery, in all of the 
group, except those presenting advanced scurvy which were put to death 
or which died during the first few days. 





THE SIMILARITY OF PSEUDOTUBERCULOSIS 
AND TULAREMIA * 


HOBART A. REIMANN, M.D. 
MINNEAPOLIS 
AND 
WERNER J. ROSE, M.D. 
BUFFALO, N. Y. 


In 1916, Roman,’ working in Prague, published the complete report 
of a case that he classified as one of an unusual form of infectious 
granuloma. Clinically, little was known of the case, but at autopsy the 
condition appeared at first to be tuberculosis. Because of the atypical 
histologic observations and the isolation of a nonacid-fast bacterium 
from the lesions, the condition was classified as “pseudotuberculosis.”’ 


Pseudotuberculosis is a term first used by Eberth in 1885 in describ- 
ing a rare tuberculosis-like disease in guinea-pigs* and rabbits. 
Eberth’s descriptions of the pathologic changes in the liver and spleen 
are almost identical with those of Roman, and the changes appear to 
have been caused by an organism similar in many respects. The 


isolation and description of Bacillus pseudotuberculosis was first accom- 
plished by Pfeiffer in 1889. Since then numerous cases of pseudo- 
tuberculosis have been reported, chiefly from European sources. From 
many of the older case reports, however, it is difficult to arrive at 
definite conclusions in regard to etiology on account of the inadequate 
descriptions or antiquated methods employed for bacteriologic identi- 
fication. 


CLINICAL AND PATHOLOGIC OBSERVATIONS, AS RECORDED 
BY ROMAN 


Roman’s patient was a railroad employee, aged 46. He was admitted to the 
hospital in a moribund condition and died the next day. From his wife it was 
learned that ten days previously he first noticed fever, which gradually increased. 
There was severe pain in the region of the liver, radiating to the chest. Anorexia 
and moderate constipation were noted. The day before admission, the patient 
became delirious. No jaundice was noted. 


* Submitted for publication, Sept. 23, 1930. 

*From the University of Minnesota Medical School, Minneapolis, and the 
Buffalo General Hospital and School of Medicine, University of Buffalo. 

1. Roman, B.: Virchows Arch. f. path. Anat. 222:53, 1916. 

2. Eberth, C. J.: Virchows Arch. f. path. Anat. 100:15, 1885. 

3. Eberth, C. J.: Virchows Arch. f. path. Anat. 103:488, 1886. 

4. Pfeiffer, A.: Ueber die Bazillare Pseudotuberkulose bei Nagetieren, 
Leipzig, 1889; cited by Roman. 
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Physical examination revealed a well developed, well nourished man. The 
abdomen was tense and very tender. The margin of the liver was a hand’s 
breadth below the costal margin and was very tender on palpation. Its surface 
appeared to be smooth. The spleen was not palpable, but was slightly enlarged 
to percussion. The pulse rate was 132. The temperature varied from 37.8 to 
40.2 C. (100 to 104.4 F.). The blood count showed: leukocytes, 6,800; neutro- 
phils, 60 per cent; transitional forms and large mononuclears, 20 per cent; lympho- 
cytes, 17 per cent, and eosinophils, 3 per cent. 

The important pathologic features described by Roman are as follows: 

The liver measured 32 by 28 cm., and weighed 3,400 Gm. The surface was 
uniformly studded with many nodules, from hempseed size to bean size. They 
were mostly pea-sized, and were gray and moderately firm. Many appeared to be 
umbilicated. The cut surface showed similar nodules, which were sharply 
circumscribed and grayish white or yellow. Many seemed to be softened in the 
center and collapsed. The liver tissue between the nodules was grayish brown 
and firm. The spleen weighed 600 Gm. and measured 20 by 12 by 8 cm. It was 
soft, and the capsule was slightly thickened. The cut surface was dark red, and 
the markings were indistinct. The lymph nodes near the lesser curvature of the 
stomach were walnut-sized. Similar nodes were also found in the mediastinum 
and around the abdominal aorta. The duodenal lymph follicles were prominent. 
Several plaques and solitary follicles were found in the ileum. The margins 
were swollen in some and in others appeared to be somewhat sunken and grayish 
white. 

Histologically, the liver showed generalized cirrhotic changes with extensive 
alteration and regeneration. There was a large amount of iron-containing pig- 
ment in large and small clumps in the parenchymal cells and in the connective 
tissue. The nodules appeared as sharply demarcated, round, darkly staining 
areas, which at first glance might be taken for tubercles or gummas. They 
consisted of granulation tissue in various degrees of necrosis. Polymorphonuclear 
leukocytes were rarely seen. Karyorrhexis was commonly found. In the center 
of the nodules, cell clumps, chromatin débris and pigment were recognizable. Giant 
cells of the Langhans type were not encountered. Foci that resembled giant cells 
were occasionally found. These areas stained dirty blue with hematoxylin; on 
closer examination with a higher power they proved to be clumps of bacteria. 
Such areas were found especially near the periphery of the nodules. Bacteria 
were never seen outside of the nodules. A smear made from the liver showed 
many gram-negative bacilli of varying length and breadth, but mostly short 
plump rods. 

Histologically, the intestines showed general atrophy of the wall involving all 
layers. In many sections, the mucous membrane was entirely absent. The 
lymphoid tissue had for the most part disappeared. In sections from the plaques, 
no gland tissue could be seen. 


BACTERIOLOGIC AND EXPERIMENTAL STUDIES 


Roman then cultivated portions of the spleen and liver on Drigalski 
plates, and after twenty-four hours obtained a rich growth of small, 
round, blue colonies composed of gram-negative, nonmotile, short bacilli. 
A guinea-pig inoculated subcutaneously with the culture died fifteen 
days later. Autopsy showed generalized necrosis of the abdominal wall 
at the site of injection. The liver was riddled with submiliary to pin- 
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head-sized, grayish-white nodules. There were similar but fewer 
nodules in the spleen, one in the right suprarenal gland and several in 
both lungs. Histologically, the nodules were identical with those 
described in a preceding paragraph. The bacilli were recovered in 
pure culture from the heart blood. 

The bacilli were gram-negative and aerobic and did not form cap- 
sules or spores. They were mostly short rods, some appearing to be 
almost coccidial. There was considerable variation in size. Bipolar 
staining was occasionally seen in older cultures. They grew well on 
agar, reaching the maximum colony size in forty-eight hours at 37 C. 
The colonies were grayish, moist and glistening. Growth occurred 
after twenty-four hours in gelatin stab cultures. Agar was not liquefied. 
3ouillon was slightly clouded after twenty-four hours and showed a 
floccular precipitate. Peptone water was quickly clouded and a heavy 
sediment formed. Indol was not formed. Growth also occurred in 
milk, on potato, in Loeffler’s coagulated serum and on human blood agar 
(without hemolysis). No gas was formed in mediums containing 
1 per cent grape sugar. 


EXPERIMENTS ON ANIMALS 


The bacteria were pathogenic for guinea-pigs, rabbits and white 
mice and occasionally for pigeons when injected subcutaneously. Rats 


and chickens were not susceptible. All feeding experiments gave nega- 
tive results. Pathologic changes like those described in foregoing para- 
graphs were encountered in most animals succumbing to the infection. 
The typical histologic changes were in the form of granulomas, but these 
differed from tuberculosis. The process of destruction did not resemble 
the cheesy necrosis of tuberculosis or the marked karyorrhexis noted 
in glanders. Like most of the other observers, Roman failed to find 
giant cells in the nodules. 

Roman cited the case reports of ten other observers. The cases of 
Lorey ® and Saisawa® seem to be the most typical. Lorey’s case was 
diagnosed clinically as possibly a case of typhoid fever. The patient 
died after eleven days, and necropsy revealed a large liver studded with 
typical nodules. Lorey cultivated a bacillus from the patient’s blood 
during life and again at autopsy, which was identified with Pfeiffer’s 
B. pseudotuberculosis. Experiments in animals gave the usual picture 
of the formation of typical nodules in the liver and spleen. 

The case of Saisawa was that of a young soldier in Japan. (It is 
of interest to note that tularemia has recently been identified with 


5. Lorey, A.: Ztschr. f. Hyg. 68:49, 1911. 
6. Saisawa, K.: Ztschr. f. Hyg. 73:353, 1913. 
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Ohara’s disease occurring in Japan.’ Saisawa’s patient also died after 
eleven days, and autopsy revealed nodules in the liver, but attention 
was chiefly drawn to the intestine. Peyer’s patches were hypertrophied 
and ulcerated as in typhoid fever, and the regional lymph nodes were 
swollen. <A bacillus corresponding to B. pseudotuberculosis was culti- 
vated from the blood and pericardial fluid. The results of the experi- 
mental studies were similar to those described by Roman and Lorey. 

The origin of infection in both of the aforementioned cases was 
obscure. In only one report found in the literature does the author 
suggest the possibility of infection from a cat. Contact with rabbits 
or other rodents is not mentioned, nor are cases of laboratory infections 
mentioned. 

Epizootics of pseudotuberculosis among guinea-pigs have been 
recorded. Tahssin-Bey* described an epizootic caused by a gram- 
negative bacillus classified as B. pseudotuberculosis rodentium. Autopsy 
showed chiefly an involvement of the lymph nodes. The lymph nodes, 
spleen and liver contained nodules from which the bacillus could be 
recovered in pure culture. The disease could be transmitted to other 
guinea-pigs by inoculation or by rubbing infected material on the mucous 
membranes. Rabbits were apparently not as susceptible to infection as 
guinea-pigs. 

A similar epizootic was described by Gaté and Billa.* Guinea-pigs 
died six or eight days after infection. The liver and spleen were 
usually enlarged and studded with tubercles. Tubercles were also 
encountered in the lungs, but no acid-fast bacilli were found. In these 
animals there were multiple mesenteric abscesses. The intestinal 
mucous membrane was congested, and Peyer’s patches were hyper- 
trophic. They also demonstrated a gram-negative bacillus in the lesions, 
and obtained it in pure culture. There was some difficulty in cultivating 
the organism satisfactorily. Its morphology varied according to the 
medium on which it grew. They classified it with Pfeiffer’s B. pseudo- 
tuberculosis. 

Other European investigators have studied the relationship between 
B. pseudotuberculosis and B. pestis*® and other bacilli.‘ There are 
apparently some points of resemblance in fermentation and cross- 
immunity reactions, but the marked differences in pathogenic behavior 
should not lead to confusion. The similarity between B. tularensis and 
B. pestis has also been noted. 


7. Francis, E., and Moore, D.: Identity of Ohara’s Disease and Tularemia, 
J. A. M. A. 86:1329, 1926. 

8. Tahssin-Bey, S.: Centralbl. f. Bakteriol. (Abt. 1, O.) 102:374, 1927. 

9. Gaté, J., and Billa, M.: Comp. rend. Soc. de biol. 99:812, 1928. 

10. Zlatogoroff, S. J.: Centralbl. f. Bakteriol. (Abt. 1, O.) 37:513, 1904. 
MacConkey, A.: J. Hyg. 8:335, 1908. Arkwright, J. A.: Lancet 1:13, 1927. 

11. Haupt, H.: Centralbl. f. Bakteriol. (Abt. 1, O.) 109:1, 1928. 
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COMMENT 


The striking similarity of the clinical histories and pathologic 
reports of cases of pseudotuberculosis described by Lorey, Saisawa and 
Roman to the descriptions of tularemia, particularly that of the 
“typhoidal” type, suggests the possibility of a relationship between the 
two diseases. Poppe**? suggested that tularemia may be a form of 
human pseudotuberculosis. Tularemia has been recognized in Russia 
and in Scandinavia, and there seems to be no reason for its nonexistence 
in central Europe, from which no cases have been reported. Francis," 
however, holds that tularemia and pseudotuberculosis are different dis- 
eases and have not been mistaken for one another in Europe. 

Experiments on animals with B. pseudotuberculosis for the most 
part closely parallel similar experiments with B. tularensis. The same 
animals are susceptible, and similar lesions are found grossly and 
histologically. Of particular interest is the absence of typical giant cells 
in the nodules in both diseases. 

The descriptions of the morphologic and cultural characteristics of 
B. pseudotuberculosis and B. tularensis show a close resemblance. The 
chief points of difference lie in the failure to cultivate B. tularensis on 
ordinary mediums or to demonstrate the organisms in sections or smears 
from human tissue.** However, since the beginning of 1928 only five 
records of postmortem examination in fatal cases of tularemia in man 
have appeared. It is possible that further examination in other cases 
may still reveal the presence of bacilli in human lesions. 

Final proof of the relationship or nonrelationship between the two 
diseases can only be obtained by bacteriologic and serologic studies. 
We have attempted to obtain the organism isolated by Roman, which 
was sent to a culture collection for preservation. Unfortunately, the 
strain was lost in 1917. However, the strain of B. pseudotuberculosis 
isolated by Pfeiffer, with which Roman’s strain appeared to be identical, 
was obtained, and experimental studies are now in progress. 


CONCLUSION 


Attention is drawn to the similarity between the granulomatous 
infection classed as pseudotuberculosis in Europe and tularemia. 


12. Poppe, K.: Pseudotuberkulose, in Kolle, Kraus and Uhlenhuth: Hand- 
buch der pathogenen Mikroorganismen, Jena, G. Fischer, 1927, vol. 4, p. 413. 
13. Francis, E.: Personal communication to the author. 





PRIMARY TUMORS OF THE TRACHEA 


REPORT OF A CASE AND REVIEW OF THE LITERATURE * 


RIGNEY D’AUNOY, M.D. 
AND 
ADELAIDE ZOELLER, M.D. 
NEW ORLEANS 


The first recorded observation of a tracheal tumor was that of 
Lieutaud in 1767. In 1861, Tuerck first observed such a new growth 
by means of a laryngeal mirror. From that time, with the introduction 
and general use of the laryngoscope, reports of tracheal new growths 
became relatively more frequent. Still, at this date, even with the use 
of improved mechanical means for direct observation of various parts 
of the respiratory tract, primary tracheal tumors are infrequent enough 
to warrant reporting any observation thereof. It is this fact that 
prompts the present report and survey of the literature. 


REPORT OF CASE 


J. S., a laborer, 23 years of age, complained of difficulty in breathing that had 
endured for six months. Examination revealed a tracheal growth. Open opera- 
tion under infiltration by procaine hydrochloride by Drs. Dupuy, McNair and 
Fernandez showed the growth attached to the anterior tracheal wall at the fourth 
and fifth rings. The tumor was removed, and the patient made an unevent- 
ful recovery. Twenty months after operation, he was in good health with no 
evidence of recurrence. 

The specimen consisted of an irregular mass of tissue about the size of a 
cherry. Externally it was grayish pink, and in consistency rather soft. One sur- 
face, evidently that of attachment, showed a few small pieces of cartilage embed- 
ded in the mass. Surfaces revealed by sectioning showed a homogeneous 
pinkish-gray color, with no special features. 

Microscopic observation of sections stained with hematoxylin-eosin and by 
Mallory’s connective tissue method proved the tumor to be an adenocarcinoma, 
most probably having its origin in a mucous gland. 


FREQUENCY OF TUMORS OF THE TRACHEA 


Semon stated the frequency relation of laryngeal to tracheal tumors 
as 100:1. Von Bruns reported observation of 300 laryngeal and 7 
tracheal growths. Moritz Schmidt studied 2,088 new growths of the 
upper air passages, 748 of which were laryngeal and 3 tracheal. 
Mackenzie is mentioned as having seen 4 cases of tracheal tumors and 
800 laryngeal new growths over a period of sixteen years. Statistics of 
the pathological Institute of Basle over a period of thirty-five years 


* Submitted for publication, July 23, 1930. 
*From the Department of Pathology of the Charity Hospital. 
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showed, out of a total of 1,078 malignant growths, 1 tracheal and 9 
laryngeal involvements. At the Charity Hospital of New Orleans, over 
a period of twenty-three years (1906-1929), 68 laryngeal new growths 
and 1 tracheal tumor were observed. 

Even the total number of primary tracheal growths recorded is 
relatively small. Thus, in 1898, von Bruns was able to collect only 
147 cases from the literature; Krieg, in 1908, 201 cases; Lombard and 
Baldenweck, in 1914, 252 cases. Our search of the literature through 
1929 allows us to add 99 cases, including the case herein reported, as 
well as some omitted by previous reviewers, making a total of all types 
of primary tracheal new growths on record of 351. 


TABLE 1.—Number of Tumors of the Trachea Found Recorded by the Different 
Reviewers 


Lombard and D’Aunoy and 
von Bruns Krieg Baldenweck Zoeller 
1898 1908 1914 1925 
Nonmalignant: 
Fibroma 23 25 29 
Papilloma 83 41 51 


3 4 5 


nb 8 


Chondroma, osteoma, tracheo- 
pathia osteoplastica 42 4) 
Adenoma E 6 6 


9 


6 


5 
8 
3 
25 
2 
2 
2 
1 


Intratracheal goiter.............. 14 19 
Amyloid tumor s i 
Mixed tumors........ 


Cylindroma 


Malignant: 
Sarcoma 
Carcinoma 
Carcinosarcoma 
Endothelioma 


Histology undetermined or doubtful.. 


Total 


We recapitulate these cases, as well as those previously collected, in 
table 1, for the sake of uniformity following the presentation adopted 
by von Bruns and followed by Krieg and Lombard and Baldenweck, 
even though, as will be noted later, we do not subscribe to the inclusion 
of certain types of tracheal involvement in a compilation of primary 
tumors of the organ. With the exclusion of such cases, the number of 
primary tumors of the trachea recorded through 1929 is only 261. 


GENERAL ETIOLOGIC CONSIDERATIONS 


Naturally, no etiology can be ascribed for new growths of the trachea, 
although, as will be noted in the comment on some of the specific types 
of tumors, various theories accounting for their genesis have been 
advanced. Suffice it to state at this time that the infrequency of tracheal 
tumors is usually ascribed to the fact that the trachea is rather simple 
in structure and rigid, and has practically only the passive function of 
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acting as a passage for air. Especially, it may be pointed out, is the 
middle portion of the organ immovable and protected from irritating 
objects of all kinds, this accounting for the greatest infrequency of the 
midtracheal segment as a tumor site. It appears as though the posterior 
tracheal wall is most frequently the point of election for tumors of all 
types occurring in this organ. This can probably be explained by the 
fact that the posterior wall is far richer in glandular structures than the 
anterior and lateral walls. Another possible explanation for the invasion 
of the posterior wall, as well as for the preference for the extremities 
of the organ as tumor sites, may be found in considering the distribution 
of the lymphatic vessels in, and their drainage of, the trachea. 


BENIGN TUMORS 

Fibromas.—Thirty-three fibromas of the trachea have been reported. 
Our search revealed four cases, none of which presented unusual or 
interesting clinical or histologic features. 

The histologic changes present in the reviewed cases varied from 
nodular growths to polypoid tumors, pedunculated or broad-based, and 
soft or firm. Small cell infiltration varied considerably, as did vascu- 
larity. Usually, the tumors were covered with epithelium, varying in 
thickness in different areas and at times showing cornification. Hyaline 
degeneration was variable in amount, although generally present. In 
our collected reports of cases of fibroma, we found no mention of 
amyloid changes or of so-called malignant metamorphosis, as noted 
sometimes in this type of tumor by previous reviewers. 

From analysis of our statistics, as well as those collected by previous 
reviewers, it is evident that fibromas of the trachea occur at all ages, 
although they appear predominant in middle life, only three cases having 
been observed between the fifth and the fourteenth years. Sex incidence 
of tracheal fibromas is about equally divided. They have occurred in 
almost equal numbers in the upper and lower parts of the trachea. 
They have been found attached to the anterior and posterior walls about 
the same number of times. 

Papillomas.—Papillomas are the most frequently encountered of 
benign new growths of the trachea. We have collected eight cases, 
making a total of fifty-nine thus far recorded. We naturally excluded 
cases in which generalized papillomatosis of the larynx, as well as of 
the trachea, was present. The majority of the cases previously reported 
occurred in children, and some few were probably congenital. In our 
collected cases, the patients ranged in age from 7 to 63 years, with the 
distribution according to sex equally divided. The anterior tracheal 
wall presented the point of election for most of the tumors, but some 
occurred on the posterior and some on the lateral walls. A number 
of the cases presented multiple growths. 
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No special etiology can be ascribed for these growths, although some 
originated in patients who had previously worn tracheotomy tubes. 
Here, no doubt, trauma can be considered as a possible predisposing 
etiologic factor, if not a direct cause of the new growth. Tilley believed 
that previous gassing was etiologically important in his case. 

Histologically, the tumors differed in no respect from so-called 
benign papillomas encountered in other areas. Essentially, they con- 
sisted of branching, poorly cellular, vascular connective tissue cores or 
stalks, surmounted by multiple layers of well differentiated epithelial 
cells, occurring in a variable number of layers, the whole giving rise to 
a villous or papilla-like arrangement, which, whether broad-based or 
pedunculated, showed no tendency to infiltration or invasion at their 
points of attachment. . 

In considering the possible malignancy of this type of tumor, we 
believe that the general histologic picture is relatively unimportant, and 
that most careful search should be made for atypical cells, atypical cell 
arrangement and cell invasion, with proper evaluation of such obser- 
vations. That the so-called simple papillomas may evolve into tumors 
of entirely different character is certainly suggested by clinical data 
and by such experimental evidence as that adduced by Leone. 

Chondromas, Osteomas, Tracheopathia Osteoplastica——-We have 
collected one case of osteoma, one of chondroma and sixteen presenting 
the pathologic picture so frequently spoken of as “tracheopathia 
osteoplastica.” In a majority of the cases, the lesions were discovered at 
autopsy, none apparently causing marked clinical symptoms. In six, 
according to the reports, tuberculosis was a coincident lesion. Nine of 
our collected cases occurred in men. The age of incidence was from 
30 to 80 years. 

We do not subscribe to the inclusion of the possible entity now so 
generally designated as “tracheopathia osteoplastica” in a review of 
primary tracheal tumors, and do so only in deference to precedent, and 
in order that the statistics may be comparable. For this reason, our 
discussion of the interesting etiologic and histologic features of this 
condition must necessarily be brief. 

Bruckmann and others are of the opinion that not in all of these 
cases is the pathologic anatomy primarily associated with the tracheal 
cartilage, but is to be looked on as the result of developmental dis- 
turbances or anomalies in the anlage of the elastic fibers. At this time, 
we do not subscribe exclusively to these views, believing that the 
opinions expressed by Peters and others must be given consideration. 

Histologically, the tumors consist mostly of bone and partly of 
cartilaginous tissue. The latter may form projecting processes from 
the perichondrium or exist as narrow margins around the bony plate. 
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Frequently, connection between the intratracheal tumor and the carti- 


laginous rings cannot be demonstrated. The largest portion of bony 
tissue is generally attached to cartilaginous proliferations. The basic 
substance usually contains numerous elastic elements. 

None of the tumors that we encountered under this classification 
showed features of special interest, histologically or otherwise. 

Adenomas.—We have collected two cases of adenoma which, added 
to the six previously recorded, make the total number of the tracheal 
tumors on record eight. Both cases occurred in females, one arising 
from the posterior wall and the other from the anterior wall. 


Adenocarcinoma of the trachea. 


The largest number of tracheal adenomas have occurred in connec- 
tion with the posterior tracheal wall. This, the anatomy of the organ 
being considered, could be expected. Theisen said that they originate 
as “hypertrophies of the mucous glands.” Undoubtedly, their etiology 
is unknown, and their histologic features are not different from those 
encountered in this type of tumor when occurring in other localities. 
Here again careful histologic study is necessary in order definitely to 
rule out malignancy. 

Lymphomas.—Three cases are on record, our review adding one 
occurring in a woman 54 years of age reported by Geschelin. We 
take it to belong to the class of so-called simple local or regional 
lymphomas or lymphadenomas in which infectious processes are sus- 
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pected as etiologically significant. Microscopically, the growth consisted 
of proliferation of lymphoid tissue, with follicles, some showing multiple 
foci in the center, with some karyokinesis of the lymphocytes. 

Intratracheal Goiters—We have collected six cases of intratracheal 
struma, making a total of twenty-five on record. All of the cases that 
we collected occurred in women from 18 to 39 years old. The posterior 
and lateral walls were most frequently affected. 

Two theories accounting for the occurrence of this class of intra- 
tracheal growths have been advanced. Von Bruns held that in intra- 
uterine life aberrant embryonic rudiments of thyroid tissue become 
encapsulated in the tracheal and laryngeal tissues and later develop 
into the so-called intratracheal (or intralaryngeal) accessory thyroid 
glands. 

Paultauf, on the contrary, asserted that these tumors originate in 
extra-uterine life by penetration of glandular tissue between the cricoid 
and thyroid cartilages, between the first tracheal ring and the cricoid 
cartilage, between the upper tracheal rings or even through the tracheal 
mucosa itself. Critical survey of the recorded material leads us to 
believe that both theories are correct in accounting for the genesis of 
this type of growth. The histology of the tumors is usually that of 
colloid goiter. 

We do not believe, however, that cases of intratracheal struma 
properly belong in a collection of primary tracheal tumors and, again. 
only include them in deference to precedent. 

Mixed Tumors——We tabulate two authentic mixed tumors, both 
occurring in males and the first to appear in the casuistics of tracheal 
tumors. One occurred in connection with the anterior tracheal wall ; 
the other was principally attached to the posterior wall. Lynch’s tumor 
recurred many times after removal, with later invasion of the edges of 
the operative wound, suggesting possible inoculation by instrumentation. 
Embryonal enclavements undoubtedly account for the occurrence of all 
tumors of this type. 

Histologically, the tumors consisted of basic matrices of myxomatous 
material or cartilage with epithelial cell inclusions. We classify them 
as benign, believing that, although complex in character, no tumor of 


this type presents the stigmas necessary for classification as a malignant 


growth. 

Lipomas, Amyloid Tumors, Angiomas, Cylindromas.—We encoun- 
tered no lipomas or amyloid tumors in our search. 

Two amyloid tumors of the trachea are on record, one reported by 
Krause, the other by Reich. Krieg in his compilation did not mention 
this tumor. Lombard and Baldenweck tabulated Reich’s case, but men- 
tioned no other. Theisen, in his article on tracheal tumors, mentioned 
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one amyloid tumor, evidently Krause’s. Since both have been previ- 
ously mentioned by reviewers, we tabulate neither, but present the 
proper number on record in our recapitulation of total cases (table 1). 

One intratracheal cavernous angioma, the second recorded, was 


reported by Petien and Sjovall. It occurred in a woman 35 years of 


age, invading the trachea at its bifurcation. 

A cylindroma, said by the author, Segura, to be a benign tumor 
developing near salivary glands and often recurring after removal, is 
recorded as occurring in a woman 42 years of age. It was attached 
to the posterior tracheal wall. Neither of these tumors presented 
features of particular interest. 


MALIGNANT TUMORS 

Sarcomas.—Our search revealed three sarcomas, one spindle cell, 
one round cell and a fibrosarcoma, making a total of twenty-six tracheal 
sarcomas on record. The three tumors occurred in men from 20 to 
53 years old. From the statistics it appears that sarcoma of the trachea 
occurs with about equal frequency in both sexes, young people being 
rather more frequently afflicted than persons advanced in years. 

No etiology is ascribable for this type of tumor, although some 
authors mention malignant changes occurring in benign mesodermal 
growths. Kahler spoke of the possibility of a myxosarcoma originating 
from “displaced muscular bands’ from the posterior tracheal wall. 

None of the growths we reviewed presented other than the typical 
histology of this type of tumor. 

Carcinosarcomas.—Geschelin reported the occurrence of a carcino- 
sarcoma in a man 68 years of age. It is the only tracheal carcinosarcoma 
on record. 

The tumor consisted of epithelial elements and connective tissue, the 
former definitely separated from the latter and grouped in the form of 
massive collections of cells or simulating tubular or glandular structures. 
Here and there attempts at epithelial “pearl formation” could be noted. 
Much karyokinesis of epithelial elements occurred, especially in the 
cells lining the rudimentary tubular or glandular structures. The con- 
nective tissue part of the tumor consisted of little fibrillar material with 
many cells of various forms—round, spindle-shaped, giant. Some of the 
giant cells were as large as 60 microns in diameter and contained a 
remarkably large number of nuclei. 

The interesting feature of this type of tumor of combined tissue ele- 
ments is undoubtedly its histogenesis, but whether the epithelial elements 
develop first, and from the stroma, as a result of mechanical pressure 
or other biochemical factors, the atypical mesodermal cells develop; or 
whether the connective tissue element preexists with a tendency for 
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atypical growth of adjacent and invaded epithelial elements cannot be 
stated, in view of our present imperfect basic knowledge of the causa- 
tion and formation of tumors. Possibly, Simmonds’ theory of simul- 
taneous growth of both elements due to the same ill-understood bio- 
chemical or other etiologic factors is the most satisfying. 


Endotheliomas.—Adam recorded one case of endothelioma occurring 
in a woman 37 years old, which originated in the anterior tracheal wall. 
It is the only tracheal tumor of its type on record. The specimen was 
given to him by a pathologist, with a diagnosis of endothelioma. Its 
histology is not described, and we naturally accept it as such. 

Carcinomas.—We are able to tabulate thirty-seven cases of carcinoma 
recorded since the last review, making a total of ninety-one cases on 
record. Of the cases we encountered, eight were squamous cell 
carcinomas and six adenocarcinomas, these two types constituting the 
largest number feported. Nine of the tumors occurred in females, 
twenty-one in males; in seven reports sex was not mentioned. The 
age distribution was from 26 to 82 years, with a preponderance (eleven 
cases) in the sixth decade, but with many cases (six) occurring in the 
fourth decade. The anterior and posterior walls were about equally 
invaded, with one case reported as “almost encircling” the organ. The 
lateral walls were invaded in numerous cases. The lower part of the 
organ, especially at or near the bifurcation, was invaded nineteen times. 
The midportion was mentioned as invaded only six times. 

According to Simmel, the region of the bifurcation of the trachea 
is the most frequent site of carcinoma; he assumed as an etiologic con- 
sideration that at this point the mucosa is commonly exposed to trauma. 
Von Bruns and Schrotter stated that the membranous glandular pos- 
terior wall is most frequently affected, either solely or simultaneously 
with one or both of the lateral walls, also relatively rich in glandular 
elements, while the cartilaginous anterior wall is usually spared, with 
the result that circumferential growths are rare. Fraenkel was in 
general agreement with these views. 

As regards the histogenesis of these growths, von Langhans, 
Hamacher, Virchow and others expressed the belief that the origin is 
in the mucous glands. On the other hand, many authors have claimed 
cell enclavements and embryonal disturbances as etiologically significant. 
In support of the latter view, attention is called to the fact that the 
respiratory system develops from the anterior foregut. 

For the occurrence of the squamous cell tumors and such mixed 
cell tumors as Hug’s, we are rather inclined to the view of develop- 
ment from cell enclavements than to the theory of metaplasia, as 
enticing as the latter theory may appear. As concerns the histogenesis 
of the other types of carcinomas, we believe both theories tenable. 





D’ AUNOY-ZOELLER—TUMORS OF TRACHEA 597 


Tracheal carcinomas frequently metastasize not only in regional and 
distal lymph nodes, but in adjoining and distal regions. This is in 
contradistinction to the laryngeal carcinomas, which rarely metastasize, 
and which show a preponderance of metastases to a limited number of 
organs. 


TUMORS WITH HISTOLOGY UNDETERMINED OR DOUBTFUL 


We list thirteen tumors with undetermined or doubtful histology, 
making a total of twenty-seven on record. It is noteworthy that the 
present search revealed the largest number of unclassified tumors 
encountered by any reviewer—which is especially noteworthy in view 
of the fact that operative and microscopic methods have so greatly 
improved during the period covered by this review. 

Only one of these tumors—that reported by Freudenthal—presented 


anything of interest. It occurred in a man 27 years old. On three occa- 
sions, at yearly intervals, tissue was removed through the laryngoscope. 
Finally, five years after the onset of symptonms, an open radical opera- 
tion was performed, and the patient died. Histologically, the growth 
was variously called endothelioma, myxochondroma, cylindroma and 
finally, teratoma. We believe that there is a possibility of its having been 
a mixed tumor. Minnigerode’s case, finally classified as a mixed tumor, 
and Predescu-Rion’s possible fibroma appear to us as better listed under 
this heading. 


SUM MARY 


An adenocarcinoma of the trachea is reported, with a review of 
tracheal tumors reported in the literature through the year 1929. The 
etiology, histogenesis and histology of the tumor types are discussed. 


Author’s reprints will give table showing summary of data on cases collected. 
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CORRECTION 


The following errors occurred in articles appearing in the March issue of the 
ARCHIVES OF PATHOLOGY: 

Avitaminosis: I. Pathologic Changes in Nursing and in Weaned Albino Rats 
Suffering from Vitamin B Deficiency. Barnett Sure, Ph.D., Fayetteville, Ark.; 
Harvey S. Thatcher, M.D., Little Rock, Ark., and Dorothy J. Walker, M.S., 
Fayetteville, Ark. 

Page 414, line 13: “without” should read “with.” 

Page 422, last line of text matter; “second paper of this series” should read 
“this paper.” 

Avitaminosis: II. Pathologic Changes in the Albino Rat Suffering from 
Vitamin G Deficiency. Harvey S. Thatcher, M.D., Little Rock, Ark.; Barnett 
Sure, Ph.D., and Dorothy J. Walker, M.S., Fayetteville, Ark. 

Page 425, seventh line from the bottom: “Mandel” should read “Mendel.” 





General Review 


BENZENE (BENZOL) POISONING 


ALICE HAMILTON, M.D. 
BOSTON 


(Concluded from p. 454) 


CLINICAL OBSERVATIONS 


Typical Form.—In practically all of the articles on chronic benzene 
poisoning in man the famous cases described by Santesson and by 
Selling are quoted. These histories, therefore, are easily available to 
all readers, and so it seems better to substitute for them histories of 
more recent date or by authors less familiar and not so generally 
accessible. 


Ronchetti’s first case was in a girl, aged 18, who had been employed for three 
years in a raincoat factory. Her illness was, however, of only one month’s dura- 
tion, beginning with a severe nosebleed. She became very weak, suffering from 
repeated nosebleeds and abundant and prolonged menstrual flow. Then petechiae 
appeared, her throat became sore, and she was feverish. When examined, her 
tongue was dry, and there was a large scab on one tonsil, surrounded by a sub- 
mucous hemorrhagic area. Examinations of the abdomen and of the nervous 
system yielded negative results. Her red cell count was 1,000,000; white cell 
count, 800; hemoglobin, 27 per cent; color index, 1.35, and no platelets were to 
be seen. The red cells were normal, vital staining showing few reticulated cells. 
A differential count of the white cells showed: polymorphonuclears, 26 per cent; 
lymphocytes, 70 per cent; large mononuclears, 2 per cent; eosinophils, 2 per cent. 
The clot formed in something over twenty minutes, but without retraction. The 
resistance to hemolysis was normal. Blood cultures were sterile. Cultures from 
the tonsils showed that Staphylococcus aureus predominated. 


As the case developed, extensive retinal hemorrhage occurred in both eyes, and 
there was blood in the vomit. High fever, preceded always by a chill, delirium 
and coma developed; death occurred on the sixth day, with signs of pulmonary 
edema. The last examination of the blood showed that the red cell count had 
fallen to 795,000 and the hemoglobin to 15 per cent; the white cells were too few 
to count. At autopsy the spleen was small; the pulp was scanty; the trabeculae 
were increased; there were no follicles. The liver was anemic; the kidneys 
contained small hemorrhages, and there was a hemorrhagic focus in the ovary. 
The femoral marrow was scanty and retracted, so that the cavity appeared half 
empty; it was yellow with a few red points, and under the microscope there were 
noted an absence of youthful white elements, very few polymorphonuclear cells 
and still fewer megakaryocytes, but many nucleated red cells, typical normoblasts 
and normal red cells. 
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Crémieu’s case occurred in a man, aged 25, who eight days before had been in 
good health. At that time he noticed for the first time purple spots on his chest 
and suffered from slight headache and feverishness. He was a vigorous man, who 
had gone through the War without any serious impairment of health. For six 
weeks before his illness he had been employed in producing pyramidon, using 
benzene as a drying agent. The man who had filled this place before him had left 
because of repeated nosebleeds. The process liberated fumes of benzene, but still 
worse was the work of cleaning the apparatus, which took fifteen minutes four 
times a day and was done with benzene. When he entered the hospital he was 
suffering from uncontrollable nosebleed and extreme anemia, and was apparently 
moribund. The nosebleed had lasted twelve hours. There were also bleeding 
from the gums and a gangrenous patch on the lining of the lower lip. The tem- 
perature was 40 C. (104 F.). There was loss of vision for several hours from a 
bilateral retinal hemorrhage. The red cell count was 1,200,000, later 900,000; the 
white cell count was 600, later 1,200. At the second count, after four transfusions, 
the hemoglobin was 18 per cent; the index was normal. There were no abnormal 
red cells. The differential count gave: polymorphonuclears, 27 per cent; lympho- 
cytes, 65 per cent; large mononuclears, 3 per cent; medium, 5 per cent. The 
patient died after the fifth transfusion, conscious till death. The autopsy revealed 
nothing significant, except hemorrhages. The marrow of the sternum was appar- 
ently normal; the liver showed areas of fatty degeneration. 

The case described by Landé and Kalinowky occurred in a man, aged 26, who 
worked in a factory using lacquer with 40 per cent benzene. The lacquer trickled 
on paper which passed along a traveling belt, and the man sprinkled bronze powder 
on it to make gilt paper for the ends of cigarets. He suffered first from loss of 
appetite, increasing gastric disturbance and weakness; then bleeding from the 
gums and from the nose began, and purpuric spots appeared on the skin. The loss 
of blood increased, and he became very weak. An uncontrollable attack of bleed- 
ing from the nose sent him to the hospital, where his temperature was found to 
be 40 C. (104 F.), but there was no other notable physical symptom. The red 
cell count was 1,000,000; the hemoglobin, 35 per cent; the white cell count, 2,000, 
with 76 per cent lymphocytes. There were no nucleated red cells, but there was 
a marked variation in the size, shape and coloring of the red cells. The platelets 
numbered 34,000; the bleeding time was more than fifteen minutes; the clot 
formed in four and a half minutes. The blood culture was negative. The patient 
died after eight days, the hemorrhage being uncontrollable all the time. His mind 
was clear till two hours before death. 

Autopsy showed no signs of sepsis or of leukemia. There were extensive 
hemorrhages in the mucous membranes of the mouth, nose, bronchi, stomach, and 
urinary bladder and in the epicardium, endocardium, pelvis of the kidney, and the 
pia mater. The marrow was aplastic; the spleen, small and anemic. There was a 
striking degree of fatty degeneration of the endothelium of the blood vessels in 
the liver and kidneys. The authors commented on the fact that the loss of 
platelets was greater than that of red blood corpuscles. The extravascular clotting 
time was normal, as in the essential thrombopenia of Werlhof, showing a dis- 
turbance in the clotting mechanism of the blood vessels. Most of the symptoms 
were attributable to this disturbance, which is due to an injury to the epithelium 
of the vessels. The high septic temperature they explained as caused by the 
absorption of products of decomposition of the cells. 
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The case described by Laignel-Levastine, Lévy and Desoille, was in a woman, 
aged 19, who had worked for six months in a raincoat factory using “benzine.” * 
February 1 she went to a dentist because of pain in the right side of her mouth. 
He found ulcers and hemorrhage in the mucous membrane of the mouth. A 
little later purpuric spots developed on the skin and bleeding from the uterus. 
Bleeding from the gums became uncontrollable. The patient then went to the 
hospital, where it was found that she showed extreme pallor, a temperature of 
39.5 C. (103.1 F.), a pulse rate of 118, a respiration rate of 24, bleeding from the 
nose, mouth and uterus, a few purpuric spots on the skin and exaggerated 
reflexes. The bleeding time was three minutes and a half; the clot formed in 
seventeen minutes, with no retraction. The red cells numbered 2,120,000; the 
hemoglobin was 40 per cent; the white cell count was 1,200, with polymorpho- 
nuclears 32 per cent, small mononuclears 16 per cent, medium mononuclears 50 
per cent and large mononuclears 2 per cent. There were no abnormal red cells; 
the blood culture was negative; the platelets were much diminished. Later the 
red cells fell to 806,000, hemoglobin to 18 per cent and leukocytes to 700. Trans- 
fusion was followed by temporary improvement, but three days later hemor- 
rhage recurred. Two days before death the patient became delirious; her 
temperature reached 40.8 C. (105.4 F.) ; the pulse rate was 140; the respiration rate, 
50. Only 77 leukocytes were found in 8 smears, 65 of them mononuclears and 12 
polymorphonuclears. Most of these cells were normal, with clear cytoplasm. 
Some had azure grains, and a few had somewhat atypical nuclei, but they were not 
lymphoblasts. The patient died on the twelfth day after entering the hospital, the 
red blood cells numbering then only 700,000. 

Rohner, Baldridge and Hausman reported an interesting case of fatal benzene 
poisoning in a man, aged 32, who mixed the coating dough in a can factory, using 
benzene as a solvent. He quit the work after about ten weeks because the fumes 
irritated his eyes, but about a month later, with no further exposures to benzene, 
blood appeared in the stools and hemorrhagic spots in the skin; later blood blisters 
formed in the lining of the mouth, and the gums became sore and black. A nose- 
bleed lasting three days sent him to the hospital on May 27. Two days before, a 
shower of red spots had appeared over the legs and thighs. He fainted on his 
way to the hospital. The skin was pale, not yellow as in hemolytic anemia, and 
the spleen was not palpable. The red blood cells numbered only 860,000, with 
marked anisocytosis, poikilocytosis and achromia and with no macrocytes and no 
nucleated red cells. The white cell count was 1,400, of which 13 per cent were 
polymorphonuclears, 48 per cent lymphocytes and 39 per cent endothelial leukocytes. 
The hemoglobin was 20 per cent; the platelets numbered 70,000. The bleeding time 
was thirty minutes; the prothrombin time, sixteen minutes. The clot formed in 
thirty minutes, but there was no retraction after twelve hours. On May 30, 
after transfusion, the axillary temperature was 108.2 F., the pulse rate was 164 
and the respiration rate was 34, with chills, bloody vomitus and pain in the left 
ear. Paracentesis allowed bloody fluid to escape, and the bleeding continued for 
thirty minutes. Two transfusions were given and four intramusclar injections of 
blood. On June 3 a blood culture was made, but was negative. Drowsiness and 
delirium were present during the last week before death, and the red blood cells 
fell to 720,000, with 16 per cent hemoglobin. 


These are typical histories of chronic benzene poisoning, but vari- 
ations from the type are not infrequent and also variations from the 


8. This is the word used very often by the French, but in some cases it is 
plain that benzene is meant. 
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typical blood picture. Following is a summary of the results of exami- 
nation of the blood in eighty-five cases. 

Observations on the Blood.—The blood picture in benzene poisoning 
of human beings does not follow the pattern which has been established 
by many experimenters as characteristic of experimental poisoning in 
animals. As described in foregoing paragraphs, benzene when admin- 
istered to animals either by injection or by inhalation produces a marked 
granular leukopenia, but little diminution of the red cells,° often none 
at all. In benzene poisoning in man, on the other hand, profound 
anemia, aplastic in type, is characteristic, and this may be more striking 
than the leukopenia. 

Typical blood pictures in cases of chronic benzene poisoning as it 
occurs in industry are as follows: 

In Hunter and Hanflig’s fourth case there were 1,715,000 red cells. 
The hemoglobin was 40 per cent, the white cells numbered 1,200, and 
consisted of polymorphonuclears, 16 per cent, lymphocytes, 76 per cent, 
and large mononuclears, 8 per cent. The platelets were rare. There 
were moderate achromia and variation in the size of the red cells. The 
bleeding time was ten minutes, and the clot formed after nineteen 
minutes. Cabot’s case of fatal poisoning (no. 13391) showed marked 
leukopenia, with a white cell count of 400 and in two smears an absence 
of polymorphonuclears, while in the third they constituted only 1 per 
cent. The red cell count was 1,715,000; the red cells were normal, 
with no reticulated cells ; the hemoglobin was 40 per cent. Platelets were 
practically absent ; the bleeding time was sixteen minutes, the clot form- 
ing in from twelve to nineteen minutes. In the case reported by Rivet 
and Guédé, also ending in death, the red cell count was 1,520,000; the 
hemoglobin, 45 per cent. The white cell count was 1,800. Polymorpho- 
nuclears made up 42 per cent of the white cell count, mononuclears 
54 per cent and eosinophils 4 per cent, but the mononuclears were 
almost all medium-sized, with a few large, and still fewer small, lympho- 
cytes. There were no myelocytes or normoblasts. The platelets num- 
bered 41,000; the bleeding time was eleven minutes, and the clot formed 
in twenty-one minutes, but with no retraction. 

Askey’s second patient had anemia more striking than the leuko- 
penia. The red cell count was 1,200,000, with hemoglobin 29 per cent ; 
the white cells numbered 3,300, with 67 per cent lymphocytes; the 
platelets numbered 50,000; the bleeding time was twenty-six minutes. 
There was no abnormality of size, shape or staining in the red cells. 

Red cell counts under 1,000,000 do not often occur, but have been 
found in fifteen of the seventy cases in the reports of which counts 
are given (Laignel-Levastine; Rohner, Baldridge and Hausman; 


9. See, however, Weiskotten, p. 31. 
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Flandin and Roberti; Crémieu; Meda; Martland [first and third 
cases] ;*° Smith [case 33, reported in 1928] ; Selling [first case reported 
in 1910]; Batchelor [eleventh case]; Santesson [third case]; Hogan 
and Schrader [second and third cases]; Ronchetti [two cases]). In 
thirty-five cases it fell to a point between 1,000,000 and 2,000,000; in 
eleven, to between 2,000,000 and 3,000,000; in six, to between 3,000,000 
and 4,000,000, and in three, it was over 4,000,000. This does not mean 
that other counts in cases in which repeated examinations of the blood 
were made did not show a higher number of red cells. The statement 
concerns the lowest counts in each case. 

Typically, the red blood cells are unchanged, or show no abnormality 
beyond some variation of staining, shape and size. There are, however, 
some exceptions to this rule. The variations in size and shape may be 
rather striking, as in Hunter and Hanflig’s second case and in their 
sixth case; in the case of Landé and Kalinowsky; in the case of Faure- 

3eaulieu and Lévy-Bruhl (1922), in the second case of Anderson, 
Boyd and Jackson, and in Martland’s fourth case. Paul and his associ- 
ates noted basophil cells. Normoblasts, few in number, were seen by 
Weinstein, by Hunter and Hanflig in their third and sixth cases, by 
Ronchetti in his second case, in which there were four nucleated red 
cells per hundred leukocytes, and by Oettinger, who found as many as 
six. Fewer reticulocytes than normal were seen by Ronchetti, when 
he used vital staining. Hunter and Hanflig estimated the proportion 
of reticulocytes as 1.5 per cent in their first case, and as from 1.6 to 
3.2 per cent in the second case. These cells increase in number as 
improvement comes on (Hunter and Hanflig, Smith). 

Platelets are mentioned in forty-four reports, but only in fourteen is 
a count given; the lowest count which is in Selling’s second case, was 
2,500; the highest in Askey’s first case was 100,000. Usually the 
statement is made that the platelets are “much reduced,” “rare,” “almost 
absent,” “none seen,” “practically none.” 

The bleeding time is given in only twenty reports, and runs from 
four and one-half minutes (Hunter and Hanflig’s sixth case) to more 
than half an hour (Smith, Hunter and Hanflig). The time taken for 
a clot to form is given in sixteen reports. This is. from four and one- 
half minutes (Landé and Kalinowsky) to two hours (Faure-Beaulieu 
and Lévy-Bruhl). The clot may fail to retract even after a long period 
(Selling, twenty-four hours; Rohner and his co-workers, twelve hours ; 
Askey, seventy-two hours). 


10. Dr. H. S. Martland, Chief Medical Examiner of Essex County, N. J., let 
me quote histories of one case of acute and ten cases of chronic benzene poison- 
ing, all fatal, which came to his knowledge between 1924 and 1929. 

11. Personal communication to the author. 
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The hemoglobin is always reduced, usually to a low figure, less than 
10 per cent in Selling’s first case, and less than 20 per cent in his second 
and in Martland’s third, Hogan and Schrader’s second and third, 
Ronchetti’s second and the cases of Flandin and Roberti, Crémieu, 
Rohner and his associates, Laignel-Levastine, Lévy and Desoille, New- 
ton and Meda and in Smith’s case 33. In the great majority it is 
between 25 per cent and 55 per cent. A hemoglobin content of more 
than 55 per cent is decidedly rare (see Hunter and Hanflig’s first case). 

The color index is said to be characteristically low in benzene poison- 
ing. Cabot (1904) said that the color index is rarely high in any 
disease of the blood, except pernicious anemia. Faure-Beaulieu and 
Lévy-Bruhl (1924), however, said that the index is typically high in 
benzene poisoning. Tabulation of the data given with regard to seventy- 
seven cases does not confirm either statement. In seventeen the index 
is low, between 0.55 and 0.85; in 22 it is high, between 1.3 and 2.3; 
and in 38 it is normal, between 0.9 and 1.2. In the majority of cases, 
therefore, it falls between normal limits, but in a slightly. larger number 
it is abnormally high rather than abnormally low. An index as low 
as 0.6 was found in Selling’s three cases, Hogan and Schrader’s second 
case and Legge’s first. The highest indexes are in one of mine, with 2.3, 
Smith’s case 33, with 2.1, Hunter and Hanflig’s first, with 1.8, and 
in the cases of Hogan,** Landé and Kalinowsky, Smith (case 28) and in 
one of mine, with 1.7 each. 

Smith’s statement that the index is higher in cases with pronounced 
anemia is confirmed by these cases. Of the twenty-two with high 
indexes, seventeen had red cell counts below 2,000,000. In Smith’s 
case 33, early in the history, there was a count of 2,240,000 and an 
index of 0.79, but later, when the count fell to 480,000, the index rose 
to 2.1. In Batchelor’s eleventh case there was an index of 1.35 when the 
red count was 1,055,000, but when the count was doubled, the index 
was only 0.75. 

On the other hand, in mild cases with a fairly normal red count, 
the index is likely to be low. For instance, in Batchelor’s sixth case 
there was a high count, 5,424,000, with an index of 0.6. It is true 
that in Selling’s two cases the counts and indexes were low. 

Ronchetti found the resistance to hemolysis normal in both his 
cases, yet he believed that in the second one there must have been a 
rapid destruction of red blood corpuscles, because of the intense 
urobilinuria (see page 71). Hunter and Hanflig tested the fragility 
of the red cells in their first cases and found it normal, and Meda 
found the same. Faure-Beaulieu and Lévy-Bruhl, however, said that 
the globular resistance is increased in benzene poisoning. 





12. Personal communication to the author. 
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The white cell count is given in eighty-five cases. Taking the lowest 
count in each instance I find that in eleven it is 600 or lower; in seven, 
between 600 and 1,000; in twenty, over 1,000 and under 2,000; in 
twenty-one, over 2,000 and under 3,000; in ten, from 3,000 to 4,000; 
in seven, over 4,000 and under 5,000, and in nine, over 5,000. Very 
pronounced leukopenia, without actual count, was noted by Santesson 
in his fourth case, and Ronchetti said that his first patient just before 
death had too few white cells to count. Laignel-Levastine, Lévy and 
Desoille could find only seventy-seven in eight smears. 

High counts were found in a few instances. In Harrington’s second 
case the first count was 10,000, falling later to 750. Nothing is given 
in the history to explain this; no infectious process was noted. In the 
case described by Paul, Friedlander and McCord, the count was 24,000, 
but here suppuration was known to be present, and this was true also 
in Meda’s case, in which the count rose to 7,000. 

A differential count of leukocytes was made in fifty-six cases only. 
In the majority it showed a granular leukopenia,’* the polymorpho- 
nuclears in forty-two cases ranging from 2 per cent to 50 per cent. 
The polymorphonuclears formed less than 30 per cent of the white cells 
in fifteen of these forty-two cases. Only in fourteen cases was a nor- 
mal proportion of polymorphonuclears (from 50 per cent to 70 per 
cent) found, except in the later stages of recovery. The patient of 
Paul, Friedlander and McCord was septic, and 71.9 per cent of the 
white cells were polymorphonuclears. <A similar cause, namely, Vin- 
cent’s infection of the mouth, probably explains the initial count in 
Hunter and Hanflig’s fourth case, which was 5,800 white cells, with 
82 per cent polymorphonuclears, but which fell promptly to 1,200, with 
only 16 per cent polymorphonuclears. 

The most marked degree of mononucleosis is found (1) in the case 
(13391) reported by Cabot in which there were no polymorphonuclears 
in two smears and 1 per cent in a third, and (2) in that of Flandin and 
Roberti, in which only 2 per cent of the white cells were polymorpho- 
nuclears. The smail mononuclears made up 59 per cent, the medium- 
sized 27 per cent and the large 12 per cent. Next to this comes the 
_ mononucleosis in the case of Speidel and Melgard, with 4 per cent 
polymorphonuclears. In Askey’s first case 90 per cent of the leukocytes 
were mononuclears. In several instances the granular leukopenia 


13. Selma Mayer, working in Schlossmann’s clinical laboratory in Diisseldorf. 
found that lymphocytosis with reversal of the normal leukocytic formula is char- 
acteristic of the action not only of benzene, but of toluene, xylene, anthracene, 
aromatic nitro compounds, arsine, thallium and hydrocyanic acid, and she sug- 
gested that the cause is to be sought in functional disturbances in the endocrine 
glands. These studies were all made on human beings (Changes in the Blood as 
Reflecting Industrial Damage, J. Indust. Hyg. 10:29, 1928). 
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improved with the recovery of the patient, as in Hunter and Hanflig’s 
first and second cases, Briicken’s first and Hogan and Schrader’s third 
and in Smith’s case treated with fresh liver (1929), while it became 
aggravated with intensification gf the disease in Hunter and Hanflig’s 
fourth and sixth cases, in Askey’s second and in Martland’s eleventh. 

Too much trust should not, however, be placed in the differential 
count alone, for mononucleosis may be slight or absent even if there is 
no evidence of suppuration. Thus in Martland’s seventh case, which 
was one of fatal poisoning, polymorphonuclears were 60, lymphocytes 
25, large mononuclears 8, and eosinophils 5, per cent. In Hunter and 
Hanflig’s fifth and sixth cases, both fatal, the polymorphonuclears were 
60 and 64 per cent. In Batchelor’s eleventh case the smear showed a 
fairly normal picture, 58 per cent polymorphonuclears, 36 per cent 
lymphocytes and 5 per cent large mononuclears, but the count revealed 
only 1,055,000 red cells and only 1,450 white cells. A serious mistake 
might have been made here had only the smear been examined. 

The mononuclear leukocytes are usually described as predominately 
lymphocytes, or small mononuclears, but in some cases the large pre- 
dominate. Thus in the case of Laignel-Levastine, Lévy and Desoille, 
85 per cent of the mononuclear cells were large. In Oecttinger’s second 
case, in the case of Faure-Beaulieu and Lévy-Bruhl, in one of Smith’s, 
in Rivet and Guédé’s and in Newton’s, the large and medium-sized 
exceeded the smaller mononuclears. Rohner and his colleagues found 
endothelial cells making up 39 per cent of all the leukocytes. Cham- 
bovet’s fourth patient had 36 per cent mononuclears, only 6 per cent 
of which were small. 

The highest proportion of small mononuclears is found in Speidel 
and Melgard’s case, with 84 per cent; in Askey’s two cases, with 90 per 
cent and 72 per cent; in Ronchetti’s first case, with 70 per cent; in 
Hunter and Hanflig’s fourth, with 76 per cent; and in Selling’s second, 
with 71 per cent. 

Young polymorphonuclears, with two-lobed nuclei, were noted by 
Hunter and Hanflig in three cases, and they saw also other immature 
forms. The blood picture in the third case was reported as follows: 
polymorphonuclears, 22; small lymphocytes, 16; large lymphocytes, 14; 
large mononuclears, 10; eosinophils, 2; atypical cells with nucleoli 
(possibly immature bone marrow cells or myeloblasts), 22; large 
similar cells, 10; immature myelocytes, 2; typical myeloblasts, 2. In 
the second case, atypical lymphocytes made up 9, and atypical large 
mononuclears 17 per cent. “Unclassified large mononuclears” were 
noted by them in several cases. Martland found myelocytes making 
up 6 per cent of the leukocytes in the blood of his eleventh patient. 
In the blood of a patient treated in the Johns Hopkins Hospital in 
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1918, the white cells were: 39 per cent polymorphonuclears, 36 per 
cent lymphocytes, 8 per cent eosinophils** and 16 per cent large 
mononuclears with marked azurophil granulations. 

In experimental poisoning the leukopenia is always far in excess of 
the anemia; in human poisoning the reverse is often found. This is 
true of no less than twenty-two of the seventy-five cases in which both 
red cell and white cell counts were made. Thus in two of Batchelor’s 
cases the counts ran as follows: red cells, 1,736,000, and white cells, 
4,200, in the first; red cells, 800,000, and white cells, 3,000, in the 
second. In Smith’s “case 33” the count was 3,800 white cells and 
480,000 red cells. In Askey’s second case there were 3,300 white cells 
to 1,200,000 red cells; in Hunter and Hanflig’s second case, there were 
3,000 white cells to 1,700,000 red cells ; in Martland’s tenth case at death 
there were 4,200 white cells to 1,300,000 red cells, with an index of 
1.6; and in Briicken’s first case there were 6,833 white cells to 
1,515,000 red cells. In the relapse in Hunter’s first case there were 
only 1,900,000 red cells, but the white count was normal, 7,000, although 
the differential count showed a granular leukopenia of 33 per cent. 
These cases do not include those in which the white count was obviously 
affected by an infectious process ; they are discussed separately. 

In some instances the same case will show at one examination a 
disproportionately low white cell count and at another a dispropor- 
tionately low red cell count. In Hunter and Hanflig’s third case the 
anemia was at first more pronounced than the leukopenia (3,000 white 
cells, 1,700,000 red cells), but later the reverse was true (340 white 
cells, 2,550,000 red cells). The number of cases in this series with 
leukopenia greatly in excess of anemia is smaller than the number with 
anemia as the most striking feature, namely seventeen of the former 
and twenty-two of the latter. 

The blood changes in early benzene poisoning or in mild cases of 
poisoning (it is impossible to distinguish between the two) often 
resemble those in experimental poisoning more closely than do the 
changes in pronounced cases. The red cell count is likely to be less 
affected than the white (see Batchelor), the color index low and the 
differential white count deviating from the normal more than the 
absolute count. Batchelor’s sixth case is one in point. Here there was 
a high red cell count, 5,424,000, with only 70 per cent hemoglobin ; 
the white cell count was 6,140, a little more than half of them mono- 
nuclears. In Newton’s first case there were 5,760,000 red cells, a color 
index of 0.7, and only 1,200 white cells, of which 39 per cent were 
large mononuclears. 


14. For eosinophilia, see page 50. 
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It is in just this form of poisoning that one might expect to see 
evidence of the stimulating action of benzene on the marrow such as 
has been described by experimenters, but there are few such obser- 
vations dealing with human beings. This is probably explained by 
the small number of careful examinations that have been made on 
people exposed to benzene, but not yet actually poisoned. A few 
reports of examinations of groups of men and women working with 
benzene have been published, such as those by Teleky and Weiner and 
by Floret (1927) in Germany ; by Loewy in Prague; by Héim, Agasse- 
Lafont and Feil (1924) in France, and, in this country, by Batchelor, 
working with the Benzene Committee of the National Safety Council, 
by Smith, then of the New York State Department of Labor, and by 
Paul, Friedlander and McCord. 

Floret seems to have found his subjects actually in the stage of 
marrow stimulation, according to a rather extraordinary observation 
which he made during the war. He examined a group of women work- 
ing with benzene who presented an appearance of blooming health in 
spite of the great scarcity of food in Germany at that time. These 
women were a decided contrast to the other women workers, who were 
all pallid and undernourished. Their blood had a high hemoglobin 
content and an abnormally high white cell count. In spite of close 
observation Floret could detect no injury from the benzene. Unfor- 
tunately the description of the ebservations on the blood is far 
from complete, and one cannot say whether there was an actual 
polycythemia such as was described by Langlois and Desbouis as occur- 
ring in animals. 

Loewy also found leukocytosis in benzene workers. He had the 
opportunity to follow mild attacks of benzene poisoning in a group 
of makers of artificial flowers. These attacks consisted in a slight rise 
of temperature, to 38.1 C. (100.6 F.), and leukocytosis up to 16,000 
white cells, 80 per cent of them polymorphonuclears, which passed over 
in a few hours. 

Teleky and Weiner found some evidence of activity of the marrow 
in a small proportion (three of eleven in one plant) of the nineteen 
women and eight men whom they examined, such as nucleated red cells 
and polychromatophilia. Almost all showed anisocytosis and poikilo- 
cytosis. They found lymphocytosis in almost all, and they regarded 
this as the best evidence of early poisoning. They did not find eosino- 
philia. Heim, Agasse-Lafont and Feil found a tendency to poly- 
nucleosis, i. €., a proportion of over 70 per cent in ten of thirty persons 
and of less than 60 per cent in only five. They found eosinophilia 
(over 5 per cent) in nine persons and are inclined to add to them five 
more who had 3 per cent eosinophils. In an earlier article (1912) 
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they asserted that eosinophilia was present in 80 per cent of the workers 
with benzene who were examined, that it appears early, disappears 
soon if exposure ceases, and bears no relation to the intensity of the 
clinical symptoms. But obviously the number of eosinophil cells which 
they regard as abnormal is far too low. 

Chambovet agreed with these French observers as to the frequency 
of eosinophilia in workers exposed to benzene, and three of his cases, 
all fairly mild, showed a high count, 7 per cent, 14 per cent and 7 per 
cent, the last with an additional 6 per cent of eosinophil myelocytes. 
These cases showed other evidences of irritability of the marrow, 
nameiy, poikilocytosis and numerous young red cells, with some macro- 
cytes. Simonin, in a case of acute benzene intoxication, with fever, 
bronchial catarrh and eruptions in the skin, found a decided eosinophilia 
of 25 per cent on the fifth day, dropping to 2.5 on the thirteenth. 
Calamita also believed that eosinophilia is typical of the blood in benzene 
poisoning. 

Batchelor, acting for the Benzene Committee of the National Safety 
Council examined eighty-one workers exposed to benzene and found 
twenty-six suffering from poisoning. In these cases the white cell 
count was reduced more strikingly than the red cell count, the lowest 
normal count of white cells being taken as 5,600. The blood counts 
in thirteen cases are given in detail; among these cases were four show- 


ing very severe anemia; but the other nine may be considered mild 
cases. These had the low color index characteristic of mild poisoning 
—for example, 5,400,000 red cells with a color index of 0.64; the 
mononucleosis was not over 50 per cent, and in two of them there was 
eosinophilia, 7 per cent and 8 per cent. 


Smith examined seventy-nine women engaged in work with benzene, 
among whom she discovered from twenty-five to thirty with mild poison- 
ing. The index was low in 22 per cent, and there was a tendency to 
mononucleosis even when the count was normal. Three women showed 
some increase of red cells, over 5,000,000, which in factory women is 
excessive. An abnormal proportion of eosinophils was noted in only 
two of the cases, namely 8 per cent in one and 13 per cent in the other 
She also noted an increase in the endotheliocytes, or large mononuclears 
and transitionals. In fifteen of twenty-eight examinations she found an 
increase above 6 per cent, in one to 19 per cent. In another case they 
numbered 27 per cent and in still another 11 per cent. There was 
also a slight increase in mast cells in nine women (to 1 per cent or 
2 per cent). Three of these women had clinical symptoms of benzene 
poisoning, but no leukopenia (the white cells were over 6,000) and 
not more than mild anemia, nor were the polymorphonuclear white cells 
reduced below 52 per cent. 
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Paul, Friedlander and McCord called attention to a feature in the 
blood in early benzene poisoning which they believed to be much more 
trustworthy than leukopenia. This is an increase in basophil red cells. 
The routine white cell count may fail to give warning, for in severe 
cases of benzene poisoning there may be normal or even overnumerous 
white cells, while in exposure to low concentrations of benzene and 
in the early stages of exposure to high concentrations the irritant effect 
of the poison is shown in the presence of immature red cells, those con- 
taining basophil substances. They found an excess of basophil erythro- 
cytes in experimental animals—cats, rabbits and guinea-pigs. 

They examined the blood of eight women who were using a benzene 
spray and found seven with polychromatophilia and nucleated red cells. 
A man who suffered from acute poisoning, with loss of consciousness, 
followed by severe bronchitis with inflammation of all the accessory 
nasal sinuses, had no leukopenia, but the basophil red cells were greatly 
increased. In another workman, a painter, with chronic poisoning, the 
red cells were reduced to 3,370,000; but the white cells numbered 
24,000, with 71.2 per cent polymorphonuclears, which would not point to 
a diagnosis of benzene poisoning. The leukocytosis, however, was 
explained by chronic bronchitis, and the red cells were characteristic, 
showing a high proportion of basophil elements, 11,000 per cubic milli- 
meters. They pointed to the fact that when benzene is used in therapeusis 
its use is often followed by a marked leukotoxic action, associated with 
an increase in red blood cells. 


Unusual Features —There are certain features of the clinical picture 
of benzene poisoning as it is described by various observers which 
deserve special attention. 

Retinal hemorrhage is mentioned ten times in Ronchetti’s two cases, 
Crémieu’s case, Oettinger’s second case, Hunter and Hanflig’s third, 
Askey’s second, Selling’s second, Speidel and Melgard’s case, Loewy’s 
case, and the Johns Hopkins case. Ronchetti believed that the number 
is so small because an ophthalmoscopic examination is rarely made, for 
retinal hemorrhage is really a typical symptom of benzene poisoning. 
Cabot in “Diseases of the Blood” gave the same reason for the small 
proportion of American cases of pernicious anemia in which this symp- 
tom is noted, as compared with the number of foreign cases. 

The absence of platelets, or their marked diminution, is one of the 
typical features of the blood in benzene poisoning, and hemorrhage 
from mucous membranes, into the subcutaneous tissues and into serous 
membranes and organs, is one of the cardinal symptoms. Yet there are 
cases on record in which no hemorrhage was noted during life. Hunter 
and Hanflig’s seventh case occurred in a man who worked with benzene 
and who had a leukopenia of 1,100, falling to 550 before death, with 
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only 16 per cent polymorphonuclears, and a red cell count of 1,125,000. 
The platelets underwent a progressive decrease, but clinically purpura 
did not appear. Their sixth patient, a woman with milder poisoning 
ending in recovery, had apparently no history of bleeding, except a 
profuse menstrual period, yet here also the platelets were markedly 
diminished. 

In Oettinger’s second case hemorrhage occurred in the retina only. 
Genova spoke only of metrorrhagia, in his two cases, and both of these 
were in pregnant women. Hogan and Schrader’s second case occurred 
in a pregnant woman, and here hemorrhage from the uterus with abor- 
tion is the only symptom given. 

In Martland’s. ninth case there was no purpura, and benzene poison- 
ing was not suspected because of the marked buccal sepsis. The man 
was supposed to have died of osteomyelitis of the jaw, but at autopsy 
Martland found aplastic marrow, leukopenia and anemia with no 
regeneration, and since the man was exposed to benzene in a plant in 
which several other cases of benzene poisoning had occurred, Martland 
made the diagnosis of benzene intoxication. His tenth case was another 
without hemorrhage, for although there was slight bleeding from the 
gums, this could be accounted for by the foul condition of the mouth, 
with spongy gums and dirty, carious teeth. There was no evidence of 
old or fresh hemorrhage in the skin. His third case was diagnosed 
clinically as Vincent’s angina with anemia. At autopsy, irregular, small 
purplish areas of hemorrhage were found in the mouth, in which sepsis 
was marked, but none in the skin, and no hemorrhage had occurred 
during life. The blood picture, however, showed typical benzene 
poisoning. 

Pregnancy complicated the course of the disease in Santesson’s 
ninth case, in Hogan and Schrader’s second case, in one of Smith’s, in 
Meda’s and in Rivet and Guéde’s; in the last there was also a tendency 
to hemophilia from childhood. One of the cases reported to me by 
an industrial insurance company was that of a pregnant woman suffer- 
ing from benzene poisoning who died of “uremic convulsions.” Smith’s 
“case 28” was that of a woman who had never suffered from the 
benzene until she became pregnant; then severe and prolonged attacks 
of nosebleed began, followed by bleeding from the gums and the 
rectum and under the skin. She stopped work for a while and improved, 
but when she went back to work the purpura recurred, she miscarried 
at seven months, and died of postpartum hemorrhage. Hogan and 
Schrader’s patient, who also died of postpartum hemorrhage after 
being delivered of a macerated fetus, was supposed to have a placenta 


praevia. 
Among the rarer symptoms described in these histories are: nervous 
symptoms other than the usual headache, dizziness, delirium and coma; 
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hemorrhage into the middle ear or into the internal ear, and bleeding 
from the kidneys, polyuria and nocturia. Pugliese said that he had seen 
patients with polyneuritis and sometimes with retrobulbar neuritis. Two 
of Chambovet’s patients had marked paresthesias, and Faure-Beaulieu 
and Lévy-Bruhl’s patient had symptoms pointing to lesions in the 
pyramidal and sensory tracts of the cord. Martland’s eleventh patient, 
in whom benzene poisoning was considered questionable, had the par- 
esthesias which are associated with pernicious anemia. Wyss, quoted by 
Genhard, reported a case in which there was obstinate dizziness so 
severe as to make standing up impossible, together with disturbed sleep, 
bad dreams and psychic depression. Landé and Kalinowsky’s second 
patient had toxic neuritis of the arms affecting the median nerve with 
laming of the muscles supplied by it, loss of faradic and galvanic irrita- 
bility and marked vasomotor-trophic disturbances. Disturbances of the 
skin other than hemorrhage are fairly common in workers with benzene 
(see McCord, Pugliese, Starr), and are usually attributed to the dryness 
of the skin, followed by cracking, caused by the solvent action of 
benzene on the oil of the skin. This explanation was given by Landé 
and Kalinowsky, but Floret expressed the belief that benzene is in part 
excreted by the skin and does its damage in this way. 

The fact that the action of benzene continues after its administration 
has ceased has been observed in experiments on animals, and is one 
reason for the abandonment of the therapeutic use of benzene (see 
Koranyi). This action is repeatedly illustrated in the clinical histories, 
especially those of severe poisoning. In Selling’s first girl patient, all 
the serious symptoms developed after she had left work. Four of nine 
of Santesson’s girl patients had purpura only after they had left the 
factory. His first case occurred in a girl, formerly vigorous, who quit 
work simply because she was growing pale and weak. Later purpuric 
spots appeared, scorbutic ulcers in the mouth, fever and increasing weak- 
ness, with sudden death from heart failure. The case described by 
Rohner and his colleagues had a somewhat similar history: A man had 
worked with benzene for ten weeks; then he quit because the fumes 
irritated his eyes; not till a month later did hemorrhages begin, and 
then the disease progressed to fatal aplastic anemia and purpura hemor- 
rhagica. In a large number of cases the blood picture undergoes rapid 
change for the worse after the patient has reached the hospital. An 
exposure of many years, followed by a sudden.development of severe 
poisoning, is the history given in Loewy’s case, in Faure-Beaulieu and 
Lévy-Bruhl’s case and in Martland’s second case. 


A very rapid course of the disease is described by several authors. 
Crémieu’s patient died eight days after the onset of the symptoms. 
Hogan and Schrader’s first patient had worked only six weeks. She 
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began to feel ill on March 4, had her first hemorrhage on March 10, 
went to the hospital on March 14 and died on March 19. The history 
of Martland’s fourth case shows that the patient went to the hospital for 
a severe nosebleed and died five days later. His seventh patient worked 
only three months, then had bleeding from the mouth and nose and 
purpura, and died after five days. Hogan and Schrader’s patient, a 
girl, was employed for only one month in a well ventilated can factory. 
Fifty other women working in the same room, some of them for 
several years, had nd symptoms of poisoning, but this girl died ten 
days after the onset of hemorrhage from nose, mouth, uterus and 
rectum. 

A .varying susceptibility to benzene poisoning was noted by many 
experimenters on animals (see, for instance, Simonds and Jones, 
Hektoen, Selling) and is strikingly illustrated in industrial cases, the 
victims of which always constitute a small minority of the workers ; 
in many cases—as in the one just cited—a single individual may con- 
tract fatal poisoning in an environment that does not give rise even 
to mild poisoning in the others. Rivet and Guédé, Ronchetti and Meda 
all emphasized this fact. Pugliese found that repeated inhalations 
causes sensitization in some animals, but Teleky and Weiner from their 
observations on human beings, thought that prolonged exposure may 
lead to increased resistance to the poison. Practically all the Italian and 
French writers (see Zenoni and Delarue), emphasized the susceptibility 
of women, especially of young women, and this seems to be borne out 
by the experience of American industrial insurance companies, but 
Smith, who examined seventy-nine women exposed to benzene in their 


work, did not find the younger women the most susceptible—rather the 
contrary. She discovered twenty-five, perhaps thirty, cases of chronic 


poisoning in these women, but the highest proportion was in the older 
groups. Thus there were but two of seventeen girls under 20 years 
of age, or 11.8 per cent, who were poisoned, while among the thirty-four 
women between 20 and 30 years of age there were sixteen, or 47 per 
cent, and among the twenty-eight who were over 30 years of age, 12, 
or 42 per cent. She believed that when susceptibility exists, the evi- 
dence of poisoning is likely to come to light during the first year; in 
some, during the first three months. Teleky and Weiner thought that 
there is no proof of oversusceptibility in women. Calamita found 
young men more vulnerable than older men. 

Recovery.—There are a few cases recorded in which clinical recovery 
occurred after severe intoxication, although in almost no instance did 
the final examination show normal blood. Recovery, when it occurred, 
was typically slow and incomplete, which means either that the hemo- 
poietic tissues had suffered irreparable damage or that no case was 
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followed for a long enough period. A typical instance was reported to 
me from an electric wire insulating plant. The man had on admission 
to the hospital a red cell count of only 800,000, with hemoglobin 23 per 
cent. The leukopenia was less marked, 3,000 white cells, 40 per cent of 
them polymorphonuclears. He was given three transfusions and was 
under treatment in the hospital for fifty-seven days, but at his discharge, 
although subjectively he was much improved and was free from hemor- 
rhage, the red cell count was only 2,112,000, with hemoglobin 40 per 
cent, and the white cell count was 1,800, with 47 per cent polymorpho- 
nuclears, and the only evidence of activity of the marrow was a moderate 
amount of polychromatophilia and variation in the size and shape of 
the red cells. 

It should be noted in this connection that Weiskotten and his col- 
leagues (1920) found in their experiments with benzene administered 
to rabbits through inhalation, that recovery was greatly delayed or 
incomplete as shown by leukopenia persisting even after from 368 to 
458 days. 

Hunter and Hanflig remarked that in two patients of theirs who 
recovered, the white cells never fell as low as 1,000, while in the two 
who died from benzene poisoning, the white cells fell below that. How- 
ever, Hogan and Schrader’s third patient had a count of 950 and yet 
recovered. This was an unusual instance of severe poisoning, with 


rapid improvement, the red cells rising in one week’s time from 880,000 


to 2,184,000 ; the white cells, from 950 to 3,050. 


Two instances of recovery under liver therapy were reported, 
although only one was published. This was Smith’s case (1929), that 
of a man who came to the hospital with uncontrollable bleeding following 
the extraction of a tooth. The red cell count was 2,820,000, hemo- 
globin 56 per cent; the white cell count was 1,300, with 75 per cent 
mononuclears ; the platelets numbered 25,000, with a bleeding time of 
thirty-three minutes. At discharge the red cell count had gone up to 
3,780,000 and the white cell count to 5,800, with only 40 per cent 
mononuclears. Reticulocytes were fairly abundant among the red cells 
at this stage, 8.6 per cent, but not as conspicuous as in pernicious 
anemia under liver therapy. The other case in which liver therapy was 
successful came to me from an insurance company : 


A man worked with benzene in manufacturing artificial leather, and went to 
the hospital after four months because of bleeding from the gums, the nose and 
the sockets of extracted teeth, and because of blotches and petechiae practically 
all over the body. Only the white cell count is reported—2,000. Three transfu- 
sions were given, and the patient was put on a diet of half a pound of liver daily. 
Bleeding stopped a month later, the white cell count improved, and the patient 
was discharged after two months’ further treatment. The last white cell count is 
given as 4,700. 
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The best record that | have of return to a normal blood picture after 
benzene poisoning is one sent me by Dr. J. H. Weinstein of Terre 
Haute, Ind., who followed the case with unusual perseverance, so that 
he could present blood counts covering the period between Dec. 2, 1926, 


and Novy. 10, 1927. 


A woman employed in a cleansing and dyeing establishment was seen at an 
early stage of the poisoning, when the results of physical examination were prac- 
tically negative. The symptoms were of a functional nervous character only, and 
the blood count was: red cells, 4,200,000, normal in appearance; hemoglobin, 80 
per cent; white cells, 6,600, with normal differential proportions. About three 
weeks later the red cells had fallen to 1,100,000 and the white cells to 2,400; the 
smears showed anisocytosis and poikilocytosis, a few nucleated reds and very few 
platelets. The patient was having hemorrhages from the nose and mouth. She 
was given four transfusions, the last on January 21, after which she showed 
gradual improvement, with, however, a relapse about six weeks later, but this 
lasted only for about a week. The last examination showed 92 per cent hemo- 
globin, 4,350,000 red cells and 5,100 white cells. In other counts the white cells 
reached 7,200. 


Influence on Infections —The connection between benzene poisoning 
and the course of infections has been investigated by means of experi- 
ments on animals. These experiments have been reviewed. ‘There is 
much in the literature of clinical benzene poisoning to confirm the 
observations. Thus Rohner and his colleagues noted as an outstanding 
feature the decided lack of response on the part of their patient to 
infection. Hunter said that in his first two fatal cases the patients had 
septic temperatures, while two that recovered did not. Unfortunately 
blood cultures were not obtained, but he believed that possibly unrecog- 
nized sepsis caused the temperature, and that because of the extreme 


depression of the leukocytic defense the usual local manifestations of 
sepsis were wanting. This is in line with the observations made by Camp 
and Baumgartner on the course of infection in benzenized animals. 
Meda’s patient had a prolonged suppurative cystopyelonephritis, which 
Meda believed to be directly connected with and influenced by the 


benzene. At a point in the disease when the.red count was only 600,000 
and the hemoglobin 15 per cent, with no youthful forms and no plate- 
lets, the white cells numbered 3,000. Cystopyelonephritis then devel- 
oped, with abundant suppuration, a typical temperature curve, and a 
rise in the white cell count to 7,300. Meda thought that the suppurative 
process was favored by the lowered resistance of the patient, but that 
the benzene also acted as a stimulant to the blood-building tissues. 
Smith’s “case 4” was that of a woman who had a mass of sup- 
purating lymph nodes in the axilla, which did not yield to treatment, but 
persisted to the latest report, more than five months after her discharge 
from the hospital. In Smith’s “case 33” the patient had a white count 
of 2,200 with only 49 per cent polymorphonuclears. A few months 
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later an abscess of the left thigh developed, and the proportion of 
polymorphonuclears rose to 77 per cent, although the absolute count was 
increased only to 3,800. 


Many lesions of the mouth, some of them very severe, are described 
in these histories. These may be scorbutic ulcers or gangrenous patches 
and abscesses on the lips or in the pharynx. Vincent’s angina was 
noted in several cases. The first patient of Anderson, Boyd and Jackson 
had a hematoma of the lip, which suppurated progressively till death. 
Ronchetti’s first patient had an extensive scab over one tonsil, sur- 
rounded by an area of inflammation and hemorrhage. In Oé¢ettinger’s 
second case the most serious symptom was a large and destructive ulcer 
in the throat, which took two months to heal. In Martland’s ninth 
case there was marked buccal sepsis, osteomyelitis of the lower jaw 
and gangrenous stomatitis. Vincent’s organism was found. 


At the International Congress of Occupational Diseases in Amster- 
dam, in 1925, Floret reported a case of chronic benzene poisoning, fatal, 
in which there were necrotic areas not only in the mucous lining of the 
mouth and throat, but also in the gastric mucosa. Loewy’s case is 
unusually interesting. He said that benzene poisoning resembles scor- 
butus in respect to hemorrhages in the skin and mucous membranes, 
but that there is also a necrotic action. He reported a death from 
necrosis of the jaw resulting from benzene poisoning, which he said 
was the first to be recorded in the literature. (Martland’s case, already 
cited, has not yet been published.) The history was as follows: 


The patient had repaired rubber with benzene cement for eighteen years, but 
was ill for three weeks, with pallor, anorexia, pain and swelling in the right 
upper jaw, fever and for three days dimness of sight in the right eye. The 
temperature ranged from 38.1 to 40.1 C. (100.6 to 104.2 F.). The pulse rate was 
132, the respiration rate, 32. There were extensive redness, swelling, tenderness 
and fluctuation in the upper jaw extending over the lower, with crusts and scales 
in the mouth, and fetid breath. The spleen was not palpable. There was retinal 
hemorrhage. The blood count was as follows: red cells, 1,300,000; hemoglobin, 
3.08 Gm.; white cells, 1,800, with polymorphonuclears, 54 per cent; lymphocytes, 
38 per cent; large mononuclears and transitionals, 5 per cent, and eosinophils, 3 
per cent. Death resulted from heart failure. At autopsy the diagnosis was: 
gangrene of the lungs, gangrenous periostitis and osteomyelitis involving the 
antrum, acute splenitis, central fatty degeneration of the liver, ecchymoses in the 
endocardium and epicardium and anemia of the brain. The marrow of the femur 
was half yellow fat, half grayish red. 


Loewy said that from the blood picture and the history of exposure 
this was clearly a case of chronic benzene poisoning. The action of 
benzene aided and accelerated the course of the infection partly through 
the resulting poverty of the blood and partly through the harmful effect 
on the biologic resistance of the mucous membrane of the mouth, which 
must have heen caused by benzene fumes. 
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McCord had under observation from 50 to 60 men using benzene 
“dope.” None showed clinical benzene poisoning, but all showed evi- 
dence of a susceptibility greater than normal to ordinary infections, and 
McCord suggested that chronic benzene poisoning of low grade was 
responsible for this (personal communication to the author ).** 


PATHOLOGIC ANATOMY 


In the literature on chronic benzene poisoning, there are reports in 
greater or less detail of twenty-nine autopsies, and td these seven more 
may be added, one from the records of the Johns Hopkins Hospital 
(no. 5425, January, 1318) sent to me by W. G. MacCallum, the other 
six from the records of H. G. Martland, Chief Medical Examiner of 
Essex County, N. J. The cases in which the autopsies were recorded 
by Dr. Martland occurred in the years from 1926 to 1928. He has 
allowed me to use his notes and comments. 


The first autopsies reported were Santesson’s, on two of his famous 
cases. In his first case, only petechiae in the epicardium and hemorrhage 
in the intestinal mucosa were significant. In his third case hemorrhages 
in the skin, pericardium, heart muscle and ovary were noted. Fluid 
blood was found between the intestinal coils and in the pelvis. The 
spleen was small and pale; the liver was soft and fatty. The marrow 
appeared normal in consistency and color. 


The autopsy in the case of LeNoir and Claude comes next. They 
found many small hemorrhages in the myocardium and endocardium and 
a large infarct in the right auricle. There was more hemorrhage in the 
mucous membranes than in the skin, especially in the stomach, intestines, 
nose and mouth. Hemorrhage was also found in the pleura, the right 
lung, lymphatic glands and the floor of the third ventricle ; two hemor- 
rhages were found in the brain and one in the medulla—probably the 
immediate cause of death. The only mention of the blood is that in the 


15. After the completion of this paper Hayhurst and Neiswander (see bibli- 
ography) published the history of a case of benzene poisoning, unusually severe 
but ending in recovery. This case was worked up with great thoroughness and 
was, moreover, followed for a period of three and a half years. The case occurred 
in a rubber worker, and the chief features were as follows: profound anemia, with 
the red cells numbering 900,000; leukopenia, with the white cells numbering 850; 
thrombopenia, with the platelets numbering 100,000; hemoglobin, 10 per cent; 
fragility decreased to 0.06 per cent from a normal 0.40 per cent; bleeding time 
more than twenty-five minutes; the resuit of a prothrombin test normal; coagula- 
tion time four minutes; no retraction of the clot after twelve hours; the result of 
a tourniquet test positive; blood cultures sterile. Transfusions of blood, a diet 
rich in iron and the administration of iron as medicament were followed by 
recovery. Three and a half years later, blood counts showed a normal picture, 
except for moderate leukopenia (4,700 and 4,850 white cells), which was polymor- 
phonuclear (mononuclears, 61 per cent and 60 per cent). 
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capillaries of the liver there was a marked abundance of leukocytes, 
chiefly mononuclears with deeply staining nuclei, apparently more 
numerous than the red cells; some of the latter were abnormal in color 
and shape. 

Autopsies were performed in both of Selling’s famous cases. The 
first, made by W. G. MacCallum, showed bone marrow which “macro- 
scopically did not look markedly hyperplastic.” Microscopically few 
cells of any kind were seen. The red cells were chiefly normal, but pale, 
and there were very few leukocytes, mostly of lymphocytic and myelo- 
blastic types, suggesting aplastic anemia. The second autopsy was 
made by M. Winternitz. Here'the marrow appeared hyperplastic, being 
of a deeper and darker red than that generally seen in hyperplasia, but 
the smears showed aplasia like that in case 1, though not of so marked a 
grade. 

Zenoni reported on the pathologic changes in fatal benzene poison- 
ing in three girls who had been employed in a raincoat factory. The 
features noted were: hemorrhage in the skin, pericardium, endocardium 
and mucous membranes of the pharynx, esophagus and gastro-intestinal 
tract and in the urinary bladder, uterus, pleura, lungs, kidneys and 
bone marrow ; general oligemia; parenchymatous and fatty degeneration 
of the myocardium, liver and kidneys; fatty marrow; fibrous, though 
not enlarged spleen; and small and fibrous lymph glands. Histologically 
there was: disappearance of myelocytes; myeloplasia with toxic leukol- 
ysis; partial disappearance of erythroblasts; fibrous spleen and lymph 
glands, with atrophy of follicles and thickening of trabeculae, and fatty 
degeneration of the capillaries. At the same meeting of the Lombard 
Medical Society at which Zenoni’s paper was read, Genova also reported 
three fatal cases which at autopsy had shown aplastic marrow. 

In Legge’s two cases there were submucous hemorrhages in the 
intestinal tract and hemorrhage under the endothelium of the heart. In 
one, changes characteristic of aplastic anemia were found on micro- 
scopic examination of the marrow of the long bones. 

The case described by Laignel-Lavastine, Lévy and Desoille was 
examined at autopsy. A marked dilatation of all the small blood vessels 
was found, especially marked in the visceral peritoneum. Many organs 
showed hemorrhage. The femoral marrow was yellow, fatty; the 
sternal, rosy. The uterine lining was normal, but there was a clot of 
blood in the cavity, and in the left ovary there was a large hemorrhage 
like a blood cyst. Smears from the femoral marrow were poor in 
cellular elements, and most of the cells were lymphocytes, with a few 
leukoblasts and erythroblasts, but no megakaryocytes. Smears from 
the sternal marrow were somewhat_richer in cells of much the same 
character. The spleen showed great poverty.of cells, so that in spots 
the reticulum seemed empty. / The sinuses were \atrophic and empty, the 
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malpighian corpuscles reduced and the arteries sclerotic. The cells were 
lymphocytes, with very few polymorphonuclears and no abnormal forms, 
but there was an abundance of brown pigment, perhaps precipitated ; 
there were also signs of “macrophagie pigmentaire,” as also in the 
mesenteric ganglions. The liver had no excessive pigment and only 
slight cellular atrophy. A histologic examination of the cord stained 
by Nissl’s method showed no abnormality. 

Rohner’s case showed two outstanding features at autopsy: (1) a 
marked hemopoietic insufficiency and (2) a decided lack of response to 
infection. There was no evidence in the bone marrow of active forma- 
tion of either red or white cells. The lymphoid system was less dis- 
turbed; the lymph nodes were small, with a paucity of lymphocytes. 
The Prussian blue reaction showed no definite increase of iron pigment 
in the liver, heart and kidneys, indicating that the action of benzene is 
greater on the blood-forming tissue than on the adult circulating ele- 
ments. The purpuric hemorrhages were perhaps an evidence of a 
disturbance in the endothelial cells of the capillaries. The septicemia 
was a late event localized in the lungs and suprarenal glands. There 
was extensive bronchopneumonia, but microscopically the picture was 
not that of ordinary pneumonia, for no inflammatory cells were present, 
although the alveoli were plugged with fibrin, which contained numerous 
organisms. The liver showed areas of focal necrosis in which there were 
organisms in abundance, but no inflammatory cells. 


In Martland’s second case autopsy showed aplastic marrow, and 
lesions in the mouth. The same thing was true in his third case, and 
in addition small hemorrhages in the pericardium were shown. In his 
fourth and seventh cases there was extensive purpura, with hemorrhage 
in the pericardium and endocardium, and the marrow was aplastic. 
In the seventh case there were some bright red: hemorrhagic spots in 
the marrow and hemorrhage in the pia mater. There were also buccal 
lesions in the seventh case. 


Askey reported two cases of severe benzene poisoning in 1928, and 
later in a personal communication to me dated March 25, 1930, he 
gave the concluding chapter in the history of case 2, and the report of the 
coroner’s inquest on the case, which was as follows: “Petechial and 
various-sized hemorrhages in the skin, mucous membranes, pericardium, 
and brain. The bone marrow was yellow and aplastic; the stomach and 
intestines contained blood.” 


Three unusual cases which came to autopsy, those of Loewy and 
Floret and Martland’s ninth case, are mentioned in the section on 
infection. 

Typical aplasia of the marrow, usually with some bright red points, 
was found in nineteen cases. In that of Laignel-Lavastine, Lévy and 











4 


622 ARCHIVES OF PATHOLOGY 


Desoille the aplasia was not complete. In Loewy’s case the femoral 
marrow was “patchy,” half yellow and half grayish red. In Santesson’s 
third case the femoral marrow was normal in consistency and color ; 
in Crémieu’s case the sternal marrow was normal in appearance to the 
naked eye. In three cases the marrow appeared macroscopically hyper- 
plastic. These were Selling’s case, the case from the Johns Hopkins 
Hospital and Martland’s eleventh case, which is described in detail in 
a later section. In Cabot’s case 13391 the femoral marrow was fatty and 
showed no regeneration, but the marrow of the ribs was normal to the 
naked eye and under the microscope showed numerous normoblasts and 
occasional megaloblasts, but no megakaryocytes. Rivet and Guédé found 
a predominance of eosinophil polymorphonuclears and myelocytes over 
the neutrophil cells of both kinds in smears from the costal marrow. 
There were lymphocytes, small and medium; there were no nucleated 
red cells. ; 

The kidney was seldom mentioned as showing anything abnormal. 
Landé and Kalinowsky found hemorrhage into the kidney, and Martland 
in his seventh case found hemorrhage in the pelvis of the kidney and 
in the tissue around. 

The spleen usually showed atrophy, with marked loss of cellular 
elements, the atrophy affecting especially the malpighian corpuscles. 
Pigmentation was usually said to be absent. Martland said that the 
lymphoid tissue had practically disappeared from the spleen in his 
second and third cases. The acute splenitis in Loewy’s case and the 
necrosis of the liver in Rohner’s were attributed to the sepsis. 

The liver usually showed no marked abnormality. In Flandin and 
Roberti’s case there was an unusual condition, namely, a large and 
tender liver and a yellow tint to the skin. Oettinger described a small 
liver in his first case, with jaundice; and Anderson found in his third 
case acute yellow atrophy of the liver. Fatty degeneration of greater 
or less degree was found by Crémieu, by Loewy and by Smith in her 
case 33, in which marked fatty degeneration affected also the pancreas 
and heart. Abnormal pigmentation was rare. 

It is strange that one finds so little about the condition of the 
vascular system in experimental benzene poisoning and in autopsies on 
cases in man. - Santesson explained the hemorrhages as being caused by 
fatty degeneration of the capillaries, but in the extensive literature on 
the subject of experimental poisoning there is little or no mention of 
the condition of the capillaries. Rohner, Baldridge and Hausman said 
that the hemorrhages are perhaps an evidence of a physiologic dis- 
turbance of the endothelial cells of the capillaries. Landé and Kalinow- 
sky believed that an injury to the blood vessels was indicated in their 
first case by the fact that the extravascular clotting time was normal 
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(four and one-half minutes), though the bleeding time was over fifteen 
minutes, thus showing, not thrombopenia, but a disturbance in the 
clotting mechanism of the vessels. 

That benzene causes anemia, not by hemolysis, but by injury to the 
bone marrow has been an accepted fact since Selling published his 
experiments, yet in some histories of chronic benzene poisoning there 
are indications of the destruction of red blood cells. The evidence of 
hemolysis is usually stated to consist in: (1) irregularly shaped red 
blood cells; (2) jaundice or yellow serum; (3) chills and fever with 
septic fluctuations; (4) enlarged spleen in protracted cases; (5) blood 
coloring matter in the urine, and (6) deposit of pigment in the liver, 
spleen, bone marrow and kidneys.'* All of these have been described in 
chronic benzene poisoning, except the enlarged spleen. To take them 
in their order: 

1. A marked irregularity of the red blood corpuscles, with numerous 
small forms, was seen in Hunter and Hanflig’s second and sixth cases, 
Martland’s first and fourth, Anderson, Boyd and Jackson’s second and 
third, Chambovet’s fourth, the cases of Faure-Beaulieu and Lévy-Bruhl 
and Landé and Kalinowsky, and two cases histories of which have been 
reported to me. 

2. It is evident that the icterus index is almost never taken in cases 
of benzene poisoning, for I find it mentioned only by Hunter and 
Hanflig and by Martland. In Hunter and Hanflig’s second case the 
index was 2 in the first attack and 8 in the second, and the sclerae were 
slightly icteric. Their sixth patient had had jaundice six weeks earlier, 
and when he came to the hospital there was yellow tinting of the 
sclerae and the icterus index was 2. In their first case the serum 
was yellow; in the fourth, deep jaundice developed some days before 
death. Martland is the only other who mentioned the icterus index; 
in his second case, it was 7.2. Odettinger’s first patient had slight jaun- 
dice. Flandin and Roberti found a yellowish tinge to the skin and a 
liver somewhat enlarged and tender. In Anderson’s third case there 
was jaundice, and death was “apparently due to acute yellow atrophy 
of the liver.” In one of the cases histories of which were reported 
to me the patient’s skin was lemon-yellow. Cabot’s patient (case 13391) 
showed jaundice a few days before death. 


3. A septic fever, with chills, without evidence of infection, is noted 
in many cases, as in those of Selling, Ronchetti, Rohner, Baldridge and 
Hausman, Anderson, Boyd and Jackson, Hunter and Hanflig, Crémieu 
and Flandin and Roberti. In all instances in which blood cultures were 
made they were negative, even in the case of Flandin and Roberti, in 


16. See Drinker, C. K.: Oxford Medicine, New York, Oxford University 
Press, 1918, vol. 2, pt. 2, p. 509. 
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which the temperature curve was typical of sepsis, and in Hunter and 
Hanflig’s first case, in which chills and a rise of temperature to from 
104 to 106 F. was followed by a transient rise in the white cell count, 
and in Selling’s first case, which presented a picture of severe toxemia. 
Landé and Kalinowsky at autopsy found no sign of sepsis, and they 
attributed the high septic temperature to the absorption of products of 
cellular decomposition. 


4. An enlarged spleen is never found in benzene poisoning, but may 
also be absent in hemolysis of short duration. 


5. Urobilinuria, intense, was noted in Ronchetti’s second case and in 
one of Oéettinger’s. 

6. Abundant deposit of pigment was found by Laignel-Levastine, 
Lévy and Desoille in the spleen, and by Neumann in the spleen, liver 
and bone marrow. In Cabot’s case 13321, Mallory found a spleen typical 
of toxic, hemolytic anemia. 

These evidences of destruction of red blood cells may, of course, 
be explained by the breaking up and elimination of the red cells from 
hemorrhages in organs and tissues.** 


DIFFERENTIATION FROM OTHER DISEASES OF THE BLOOD 


Ronchetti summed up the features of benzene poisoning briefly and 
with proper allowance for variations. The typical clinical picture is one 
of progressive anemia with malaise, epistaxis, then rapid decline, 
petechiae, hemorrhage from the stomach, intestines, uterus, mouth, and 
retina, fever more or less intense, sometimes chills, eventually dis- 
turbance of the nervous system and death from anoxemia and heart 
failure, with pulmonary edema. There is erythropenia, which may 
reach an extraordinarily low level, with absence in the circulating blood 
of youthful forms of red cells; the index may be low or high; there 
is leukopenia which may reach an extraordinarily low level and is 
especially at the expense of the polymorphonuclears, with an Arneth 
swing to the right and an absence of myelocytes, myeloblasts and 
lymphoblasts ; there are decrease of the platelets, sometimes impressive, 
and slow coagulation of the blood, with no retraction of the clot. The 
diagnosis depends greatly on the history of occupation. From acute 
leukemia it is distinguished not so much by a low count, since so 
much is written now of leukemia leukopenica, as by lack of immature 
white cells. In comparison with pernicious anemia, benzene poisoning 
is not so protracted in its course and usually presents more striking 
hemorrhage and greater leukopenia. 

A strictly defined, detailed symptom-complex, with a definitely out- 
lined postmortem picture, has been accepted as characterizing chronic 


17. See Frank, E.: Berl. klin. Wehnschr. 52:961, 1915. 
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benzene poisoning, and all deviations from these patterns have been 
rejected as either not caused by benzene or as representing mixed con- 
ditions, i. e., benzene poisoning superimposed on myelogenous leukemia 
or on pernicious anemia, or even on agranulocytic angina. Thus cases 
have been rejected or considered highly dubious because, for instance, 
instead of aplastic marrow, hyperplasia was found, new cells being 
formed but not delivered to the blood stream. And this in spite of 
proved exposure to benzene. Yet, knowledge of the changes in benzene 
poisoning in man is based on less than thirty reported autopsies, not 
by any means all of which were reported in detail, even if they were 
thoroughly performed. It is true that a much larger body of data, 
and much more accurate, is available in the field of experimental 
benzene poisoning, and it is really more on the results of these experi- 
ments than on human material that the accepted picture of the patho- 
logic action of benzene is based. But experimental benzene poisoning is 
not identical with poisoning in human beings. It is a clearcut leuko- 
penia, resulting from an attack on the leukocyte-forming organs, the 
anemia being a minor feature, often not in evidence at all. In man, 
the anemia may be the dominating feature; it often is. In animals 
hemorrhage is usually absent; in man it is usually the most con- 
spicuous symptom. 

A much wider latitude is allowed in the so-called idiopathic dis- 
eases of the blood. Thus in “primary aplastic anemia,” also called 
idiopathic or cryptogenic .aplastic anemia or aleukia hemorrhagica 
or aregenerative anemia or hypoplastic anemia, it is admitted that 
the pathology is not always the same in all cases. To quote from 
Ordway and Gorham, “The marrow may be hyperplastic from failure 
of the marrow to deliver products into the circulation. Areas of hyper- 
plasia may be found if many of the long bones are examined carefully. 
The long bones may show more or less aplasia, while sternum and 
vertebrae may be active because the aplasia may be terminal.’ In the 
case of chronic benzene poisoning described by Laignel-Levastine. 
Lévy and Desoille, the femoral marrow was yellow and fatty, and smears 
were poor in cellular elements, but the sternal marrow was rosy, and 
smears were richer in cells. In Loewy’s case the femoral marrow was 
half yellow, half grayish red. In Santesson’s third case the femoral 
marrow was normal in consistency and color, while microscopically the 
only change mentioned was hemorrhage, and in Crémieu’s case the 
sternal marrow was normal in appearance to the naked eye. In very 
few records of autopsies on victims of benzene poisoning is any men- 
tion made of an examination of the marrow of any bones other than 
the femur. : 

The truth is that primary aplastic anemia differs from the so-called 
secondary form only in having no known cause. Ordway and Gorham 
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made some attempt to distinguish benzene poisoning from the idiopathic 
form of aplastic anemia, saying that in the former the symptoms do not 
start in less than three weeks or in more than four or five months from 
the time the exposure occurred. But this is untenable. It may be that 
no case has thus far been reported as developing after an exposure 
shorter than four weeks, but tomorrow this may be no longer true, 
and there are many histories of exposure lasting several years before 
the onset of clinical symptoms. Between “primary” and “secondary” 
aplastic anemia the only distinction at present is that in the case of the 
latter there has been exposure to a known toxic agent, such as benzene, 
radium or roentgen rays.** 

The diagnosis as between benzene poisoning and pernicious anemia 
is usually regarded as clear and presenting little difficulty, since in the 
former there is aplastic anemia with no signs of regenerative activity 
on the part of the bone marrow during life and after death aplastic 
marrow is found, while in pernicious anemia there is hyperplasia with 
signs of abnormal activity of the marrow. It is, however, admitted 
that aplasia may be the terminal phase of pernicious anemia. It must 
also be admitted that the blood picture in benzene poisoning is not 
always one typical of marrow aplasia, for nucleated red cells may be 
present and also a fairly great variation in the red blood cells as to 
size, shape and staining properties. Nor can the development of symp- 
toms indicating lesions of the central nervous system be regarded as a 
deciding point in the diagnosis of pernicious anemia in view of the 
histories of such cases of indubitable benzene poisoning as that of 
Faure-Beaulieu and Lévy-Bruhl,’® Oecttinger’s second case and Landé 
and Kalinowsky’s second case. In this connection it is interesting to 
quote a personal communication to me by Martland with regard to one 
of the ten cases of chronic benzene poisoning the histories of which he 
sent me: 

This case clinically is one of a leukopenic aregenerative anemia occurring in an 
artificial leather worker where benzene was used. Two of his relatives working 
in the same plant also died with similar symptoms. The enclosed records show 
that he had two admissions to Newark City Hospital. Autopsy discloses a pro- 
found leukopenic anemia in which the bone marrow is red on gross examination 
and on microscopic examination shows a panmyelosis with considerable erythro- 
blastic regeneration similar to that seen in pernicious anemia. There are also 
areas of regeneration in the liver similar to what Piney has described in per- 
nicious anemia. 


I have never seen or heard of a similar marrow in chronic benzene poisoning, 
but I am quite sure that this man died of this disease. 


18. See Minot, p. 606; also Mallory, quoted by Cabot in his report of case 13391. 

19. Faure-Beaulieu and Lévy-Bruhl quoted Déjérine and André Thomas, who 
in discussing the lesions of the spinal cord in pernicious anemia, said that the 
lesions and symptoms do not belong to one special form of anemia, but are alike 
for all kinds. 
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Martland also informed me that he has another unusual autopsy 
record. This deals with a case also diagnosed clinically as one of 
chronic benzene poisoning, but at autopsy: 


I found an unusual form of gastro-intestinal leukemia, with no leukemic blood 
picture. For this reason I was forced to testify in court that while I personally 
felt that the cause of this man’s death was chronic benzene poisoning, I could not 
state it with any degree of certainty, as to my knowledge such a condition has 
never been described before in benzene poisoning. But from my knowledge of 
the radium cases I think such an interpretation is quite possible. 


Cabot and Mallory’s case 13321, in which exposure to benzene was 
admitted, called forth a decided difference of opinion (Cabot inclining 
to benzene as the cause) because of evidences of activity of the marrow 
during life, such as youthful forms of leukocytes and of red cells, and 
at autopsy a hyperplastic marrow showing rapid production of both 
red and white cells.*° It was plain that there was no lack of formation 
of new cells, but a failure to deliver them to the circulation; and this 
was held by Mallory to preclude a diagnosis of benzene poisoning.** 


It is only in benzene poisoning that one finds this insistence on a 
strictly delimited postmortem picture and symptom complex. More 
extensive studies of other diseases of the blood have invariably led to 
the discovery of atypical cases and consequently to a widening of the 
definition. For instance, agranulocytic angina, which has been known 
only since 1922, has already a far larger number of carefully studied 


cases in its literature than has chronic benzene poisoning (Harkins has 
collected reports of about 150 cases from the literature and has added 
8 of his own), and during the eight years in which this new disease 
has been studied, it has become evident that it is not a single clinical 
entity which is adequately covered by the definition originally formu- 
lated by Schultz, but that many cases present variations from Schultz’ 
description. 

Schultz’ agranulocytosis consisted in high fever with necrotic infec- 
tions of the throat, rapid exhaustion, slight jaundice frequently and 


20. Minot speaks of instances'in which at autopsy the marrow showed hyper- 
plasia when the observations on the blood had been much like those of aplasia and 
perhaps identical with it. 

21. The diagnosis of benzene poisoning is further obscured by the frequent 
presence of Vincent’s infection as a complication, probably a much more common 
occurrence even than the records show, for it is plain on reading many of the 
histories that no effort was made to determine the nature of the buccal lesions. A 
Plaut-Vincent infection with agranulocytic anemia, thrombocytopenia and hemor- 
rhage of greater or less degree, as described by Arnold, differs from the picture 
of chronic benzene poisoning only by the lack of a history of exposure to benzene 
The cases of Floret, Loewy, Martland, Oettinger, Meda and others show how the 
presence of an infection may render the clinical picture of benzene poisoning 
obscure and far from typical. 
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granular leukopenia without anemia or thrombopenia. The victims were 
generally elderly women. As other clinicians added their reports, the 
picture slowly altered. Hueper found that not only the granulocytic, 
but the lymphatic, system also was affected, although the red cell count 
remained normal and also the number of platelets. According to 
McCord, however, hemorrhage and purpura are present in the greater 
number of cases of agranulocytosis, although the bleeding time and 
coagulation of the clot are likely to be normal. Buck’s case was one of 
typical aplastic anemia, with red cells numbering 850,000, hemoglobin 
19 per cent and platelets 100,000. Harkins regarded four of his cases 
as agranulocytic angina, but the other four, as granulocytopenia. In 
one of these there were anemia and evidence of hemorrhagic diathesis. 
Stocké divided the cases into three different groups, one group answering 
Schultz’ description, a second showing the presence of anemia and the 
third, a tendency to hemorrhage. 

Kastlin collected from the literature reports of forty-three cases with 
autopsy and added two. A fairly wide variation in observations appears 
from this collection, and Kastlin believed that still more variations would 
come to light as experience widened. Thus, although the white cell 
count, absolute and relative, was almost unvaryingly low, showing a 
profound granulopenia with lymphocytes numbering to from 60 to 
100 per cent, the red cell and platelet counts were not so uniform. 
Of thirty-three red cell counts, eight were low; of twenty-seven platelet 
counts, seven were low. In the autopsies the marrow was red in twenty- 
seven instances, fatty in six. In some cases there were petechial hemor- 
rhages in the viscera; in two cases, large hemorrhages in the bone 
marrow and lungs, and in one case, a retinal hemorrhage. A clinical 
‘ hemorrhagic diathesis was present in somewhat less than one fifth, 
jaundice in about one half, of these cases. 

Again, in regard to the effect of irradiation on the blood, which has 
been the subject of much study, it is now evident that the pathologic 
changes in experimental exposure to the x-rays or to radium are not 
the same as those observed in man, and that the latter differ in different 
persons (Evans and Roberts). Animals exposed to these rays suffered a 
marked destructive effect on the lymphatic system and the circulating 
lymphocytes (Warthin) and little, if any, effect on the bone marrow; 
human subjects show a relative lymphocytosis, no demonstrable injury to 
the lymphatics, but a profound aplasia of the bone marrow, with granular 
leukopenia and aregenerative anemia (Carman and Miller, de Laet). 
Yet here, also, the picture is not always typical; aplastic anemia is 
found in the greater number, but net always. Martland in his study of 
radium poisoning in painters of dials found two cases of it, but in five 
others the anemia was of the regenerative type, with hyperplasia of the 
bone marrow. 
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Lymphatic leukemia was found by von Jagic and his colleagues and 
by Carman and Miller; Weil (quoted by de Laet) had two cases of 
myeloid leukemia; Vaquez (quoted by de Laet), one of the same form; 
while Brule and Boulin said that pernicious anemia has been described 
in some cases. Perhaps the most interesting report of all is that of 
Weil and Lacassagne (1925), for they told of two research chemists, 
who worked together, but not with exactly the same degree of exposure, 
first with radium, then with thorium X, and in both fatal disease of the 
blood developed, but in one it was typical myeloid leukemia, in the other, 
aplastic anemia. 

In most of these cases no thrombopenia or hemorrhage was observed, 
but in one of Martland’s cases both were present ; the Danish radiologist, 
Nordentoft, had thrombopenia (Faber) and so did Larkins’ patient. 
It seems therefore clear that in injury from irradiation the attack may 
be directed now to one part of the blood-forming centers, now to 
another, or may involve all simultaneously. 

Farley, in his study of agranulocytosis following arsphenamine 
therapy, suggested the term “depressed bone marrow function” for 
those cases that exhibit injury to one or another of the hemopoietic 
functions of the marrow or a combined attack on all. According to 
him, it is impossible to include under any less general head the many 
forms that have been described, i. e., aplastic anemia, purpura hemor- 
rhagica and agranulocytic angina, with necrotic lesions in various parts 
of the body. 

In this paper instances have already been given of benzene poisoning 

with atypical features, showing that the attack may be now on one, 
now on another, part of the blood-building system. To these may be 
added two more, the first of which is, so far unique, a case of leukemia 
attributed to benzene poisoning. Deloré and Borgomano, whose article 
I have been unable to read in the original, described, according to 
3allotta, a case of unusually slow benzene poisoning which resulted in 
typical leukemia instead of aplastic anemia. This occurred in a man 
who for many years was exposed continually to benzene in his work, 
but to small amounts. He died of acute leukemia. The authors believed 
that this paradoxical phenomenon—leukemia produced by an agent that 
is used in the treatment of leukemia—is to be explained by an inverse 
action of benzene when given in small doses as compared with what is 
seen when larger doses are given. There is also probably a wide varia- 
tion in the response of individuals to the action of benzene. 

The second case conformed, in its earlier stages, to the typical pic- 
ture of idiopathic purpura hemorrhagica, with the disease process 
directed to the platelets. This history came to me from the Johns 
Hopkins Hospital, where the patient was treated in 1918. 
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A woman, aged 54, had worked for thirteen weeks in the sealing room of a can 
factory which later on was the source of several cases of severe benzene poison- 
ing, from the benzene-rubber cement used as a sealing compound. This woman 
came to the hospital with a history of bleeding from the gums and nose for the 
preceding four days, dimness of vision and increasing weakness. There were 
purpuric spots over the limbs and double retinal hemorrhage; the bleeding time 
was twenty minutes, but thé red cell count was 5,000,000; hemoglobin, 100 per 
cent; white cell count, 6,990, with 61 per cent polymorphonuclears, and the only 
abnormal feature in the blood picture was the almost total absence of platelets. 
Later, anemia and leukopenia developed, and the patient died at the end of a 
month, after eight transfusions. The marrow in this case was described as show- 
ing “myeloblastic aplasia and erythroblastic hyperplasia.” The upper ends of both 
femurs were examined; the marrow was of extremely soft consistency, “chocolate 
red in color.” Microscopically, it was largely fat; the capillaries were filled with 
blood ; there was evidence of hemorrhage, with little blood formation in the shape 
of small clumps of myelocytes and nucleated reds. 


If it is true that wide variations are found in the pathology of 
diseases of the blood which have been the subject of extensive study, 
it seems that one is justified in believing that further study of chronic 
benzene poisoning will reveal a less one-sided picture than is at present 
accepted. The simple, unvarying picture of this form of poisoning as 
it is found in the textbooks is certainly based on insufficient human 
material, The greater part of the careful, detailed work on the 
action of benzene has been carried out on animals in the laboratory 
and for the most part with the employment of a technic which does 
not in any way reproduce what takes place in industrial poisoning of 
human beings. The victims of industrial poisoning whose bodies have 
come to autopsy are few in number, and their cases have not received 
as careful study, except in rare instances, as have the cases of such 
nonindustrial diseases as agranulocytic angina and the so-called idiopathic 
anemias and leukemias, and lesions caused by irradiation. 


APLASTIC ANEMIA FROM ARSENOBENZENES 


It is not usual to include in a discussion of the pathology of benzene 
poisoning those rare cases of purpura hemorrhagica with aplastic anemia 
and leukopenia which have followed the administration of arseno- 
benzene, arsphenamine, etc. These accidents are by most authorities 
attributed to the action of arsenic. Labbé and Langlois, Moore and 
Keidel and Ordway and Graham all gave arsenic as the cause. Gorkeé 
also stressed the arsenic as the more important causative agent, but 
admitted that benzene may play a part. Farley, on the other hand, 
believed it more probable that the action is due to a “benzene-like action,” 
and Ronchetti held that benzene is the active agent. 

To attribute to arsenic in any of its forms a destructive action on 
the blood-forming tissues with a resulting aplastic anemia is to contro- 
vert the beliefs of all the toxicologists. Arsenic has a marked destruc- 
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tive action on the blood only when it is in the form of arsine (As H,), 
and then its action is hemolytic. Arsine belongs to the group of 
inorganic hemolysins, of which it is one of the most powerful (see 
Kobert, pp. 246 and 735). The result is a secondary anemia, accom- 
panied by a great increase of bile pigments in the serum and urine, 
enlargement of the liver and spleen and icterus of the skin and organs, 
followed by changes in the liver and kidneys, which are caused by the 
efforts of these organs to eliminate the débris of the red blood corpuscles. 

This is a condition altogether different from that described by those 
who have studied the aplastic anemia following injections of arsphen- 
amine, etc. What they describe is a condition indistinguishable clinically 
from the aplastic anemia of chronic benzene poisoning. Farley called 
it “depressed bone marrow function from the arsphenamines.” There 
are anemia, which may be profound (with the red counts as low as 
600,000, as in the case of Emile-Weil and Isch-Wall), leukopenia (with 
a white cell count as low as 600, as in Gorké’s case) which is agranulo- 
cytic (the polymorphonuclears falling as low as 4 per cent, as in Moore 
and Keidel’s case), a marked loss of platelets and, clinically, purpura 
hemorrhagica. Emile-Weil and Isch-Wall’s patient had hemorrhages 
from the uterus and the lungs and purpuric spots on the skin. Gorkeé’s 
first patient had bleeding from the gums and uterus and suffusion of 
blood under the skin. His second had bleeding from the mouth and 
nose. In Frank’s case (see Gorké) there were multiple hemorrhages 
under the skin and blood in the stools. Gorké called the condition 
hematomyelopathia with extreme neutropenia and thrombopenia and a 
hemorrhagic diathesis, analogous to the anemia of benzene poisoning 
and anemia radiotoxica. 

Scorbutoid ulcers in the mouth, with a diphtheroid membrane, were 
described by Gorké; ulceration of the tonsils, with a pseudomembrane, 
by Emile-Weil and Isch-Wall; necrotic ulcers of the mouth, lips and 
nares, by Moore and Keidel—all of which, according to Farley, show 
the result of destruction of the patient’s active immunity. 

Farley discussed seven cases in which the clinical picture varied 
according to the degree of “marrow depression” and according to the 
particular element or elements of the marrow most affected. Since the 
first case was described by Labbé and Langlois, thirty-nine have been 


reported. They show many forms of depressed function of the bone 
marrow following the administration of arsphenamine, such as aplastic 
anemia, purpura hemorrhagica and agranulocytic angina. These cases 
are rare; they probably occur in persons with a congenitally weak 
hemopoietic apparatus, and secondary infection plays a large part in the 
more serious cases. The aplasia may be really only a temporary 
depression of the marrow, as is shown by the successful use of trans- 


fusions of blood. 
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Farley held that the cause is a disintegration in vivo of the arsphen- 
amines, so that a benzene-like action takes place. This is a matter of 
opinion, not of proof, but it seems unlikely that arsenic should be 
responsible. The cases belong to the group of symptomatic dyscrasias 
of the biood resulting from the action of benzene, radium and roentgen 
rays, but resemble most strongly the first-named. 

No explanation of these cases can as yet be given. Carl Voegtlin, 
consulted on this point, wrote as follows: 


We have good reason to believe that any toxic effect, no matter on what organ, 

produced by these arsenicals, is essentially due to the arsenic in firm combination 
with the benzene nucleus. On chemical and pharmacological grounds I cannot 
conceive the possibility of benzene, as such, being formed in the animal body after 
the introduction of any of the arsphenamines. . . . We have shown that the 
only directly acting modifications of these arsenicals are the trivalent arsenious 
oxides (CoH; OH ASONH2). . . . We still lack information as to the pos- 
sible changes occurring in the ortho-amino phenol grouping of these drugs. 
So far it has been impossible to produce experimentally in animals a condition 
resembling aplastic anemia observed iu syphilitics. Why, on rare occasions, a 
patient develops aplastic anemia as a result of arsenic treatment I am unable to 
say. It would seem, however, that this occurs only in cases that show peculiar 
and not understood constitutional idiosyncrasies. 


Moore and Foley discussed the resemblance between these accidents 
occurring in the course of arsenobenzene treatment and _ benzene 
poisoning : 


There is a certain superficial analogy between the blood pictures and the micro- 
scopic picture of the bone marrow that we have reported with those of benzole 
poisoning. . . . Salvarsan of course contains a double benzol ring but no 
evidence can be found to show that in the body it breaks down into benzol. 
Investigation of its known products of decomposition along the lines of their 
selective toxicity for the bone marrow would be well worth while. 


55 Van Dyke St., Boston. 
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Notes and News 


University News, Appointments, Promotions, Resignations, Deaths, 
etc.—Konrad E. Birkhaug of the department of bacteriology in the University of 
Rochester school of medicine and dentistry has been elected a member of the 
Norwegian Academy of Sciences. 

Frederick Eberson has been made director of the clinical laboratories at Mount 
Zion Hospital, San Francisco, and Glenville Y. Rusk has been placed in charge 
of the department of pathology. 

Rigney D’Aunoy has been appointed professor of pathology and bacteriology 
in the newly organized medical school of the Louisiana State University. 

Kenneth B. Hanson has resigned as instructor in pathology and bacteriology in 
the school of medicine of West Virginia University at Morgantown. 

Emery R. Hayhurst has resigned as professor of public health and hygiene 
in the Ohio State University. 

The Paul Ehrlich-Stiftung has awarded the Paul Ehrlich gold medal to C. 
Levaditi of the Pasteur Institute in Paris for his work on chemotherapy. 

Sir Charles Martin has retired from the directorship of the Lister Institute 
for Preventive Medicine. He is now in Australia to inaugurate and direct, for 
a period of two years, a governmental organization for research into animal 
nutrition. 

D. F. Cappell, now lecturer on pathologic histology in the University of 
Glasgow, has been appointed professor of pathology in the University of St. 
Andrews. 

E. G. D. Murray of the department of bacteriology in Cambridge University 
has been made professor of bacteriology in McGill University, Montreal. 

M. W. Beijerinck, the Dutch bacteriologist who discovered that the so-called 
mosaic disease of the tobacco plant is caused by an ultramicroscopic, filtrable virus, 
has dietl at the age of 79. 

Chung Yik Wang, professor of pathology in the University of Hong-Kong 
since 1920, has died at the age of 42. He was educated at Queen’s College, Hong- 
Kong, and in medicine and public health at Edinburgh and Manchester Universities. 

Sir Andrew Balfour, director of the London School of Tropical Medicine, 
formerly director of the Wellcome Tropical Research Laboratories at Khartoum, 
distinguished investigator and administrator in the field of tropical medicine and 
hygiene, has died at the age of 58. 

Archibald Leitch, director of the department of research in the Cancer Hospital, 
London, and successful investigator of experimental carcinogenesis, has died at 
the age of 52. 


Scientific Societies—The Second International Congress of Comparative 
Pathology will meet in Paris, Oct. 14 to 18, 1931. The secretary of the American 
committee is George W. McCoy, National Institute of Health, Washington, D. C. 

At the recent meeting in Boston, the Society of American Bacteriologists 
elected officers as follows: J. Howard Brown, president, L. A. Rogers and 
Norman MacL. Harris, members of the council. 

On July 1, 1930, there were 399 members in Die Deutsche Pathologische Gesell- 
schaft. At the last meeting of the society, the governing body adopted a recom- 
mendation setting the occasion for homage volumes (Festschriften) at the seventieth 
birthday of the dedicatee and limiting the authorship to pupils of the dedicatee. 

An International Leprosy Association has been organized with Victor G. Heiser 
as president, and a journal on leprosy is to appear with H. Windsor Wade as 
editor. 

The Pasteur Society of Central California has elected the following officers: 
president, W. H. Manwaring; vice-president, W. T. Cummins, and secretary- 
treasurer, Beatrice Howitt. 

At the twenty-sixth annual meeting of the German Pathological Society in 
Munich April 9 to 11, 1931, the importance of tissue culture in pathology was 
discussed by G. Herzog and A. Fischer. 
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CALCIUM CHANGES IN THE BRAIN IN ETHER AN2STHESIA. EDMUND ANDREWS, 
WILiiaAM F. PETERSEN and REuBEN I. KLEIN, Ann. Surg. 92:993, 1930. 


Ether anesthesia in dogs is accompanied by a marked rise in the calcium in 
the brain as well as in the liver. These changes are probably to be interpreted 
as meaning a lesser activity and irritability of the brain cells due to changes in 


the mineral salt content in the cells themselves. Asiineied! Gasman 


Tue INFLUENCE OF Uric ACID ON THE PERMEABILITY OF MEMBRANES. YV. 
Cunt, J. Exper. Med. 53:1, 1931. 


Congo red injected in vivo together with uric acid gives rise to more intense 
and diffuse red coloring in rats, especially in the subcutaneous and peri-articular 
tissues, than is the case in contro! rats given injections simply with dye. Uric 
acid added in vitro to solutions of congo red or trypan blue increases the speed 
of diffusion of these dyes, both through gelatin and the animal membranes 
(dialyzers). These results support a view long maintained by Rondoni, namely, 
that some factor of an endothelial-capillary nature must be taken into consideration 


in manifestations of hyperuricemia and of gout Auruon’s SUMMARY. 


A CEREBELLAR DISORDER IN CHICKS, APPARENTLY OF NUTRITIONAL ORIGIN. 
A. M. PAPPENHEIMER and M. Goettscu, J. Exper. Med. 53:11, 1931. 


Growing chicks maintained on a diet consisting of milk powder, casein, starch, 
yeast, cod liver oil, salts and filter paper develop ataxia, tremors, retraction or 
twisting of the head, clonic spasms of the legs and stupor. These symptoms may 
appear suddenly, usually between the eighteenth and twenty-fifth day, and may 
end in death. If recovery takes place, the chicks may go on to normal develop- 
ment. Definite lesions are found in the cerebellum of the affected chicks. These 
consist of edema, necrosis and hemorrhages. Hyaline thrombi are found in the 


capillaries in and about the degenerated areas. hems’ Gxvemany 


SEASONAL VARIATIONS IN THE GOITER OF RABBITS PRODUCED BY FEEDING 
CaBBAGE. B. WEBSTER, D. MARINE and A. Crpra, J. Exper. Med. 53:81, 
1931. 


The evidence presented indicates that cabbage maturing in the spring and 
summer months has little goiter-producing power. Cabbage maturing in the late 
autumn has much greater goiter-producing power, although this shows con- 
siderable variation in different years. It has not been possible to correlate available 


meteorologic data with these variations. te 
8 : AUTHORS’ SUMMARY. 


ABSORPTION FROM THE PERICARDIAL Cavity. C. K. DRINKER and M. E. 
FIeELp, J. Exper. Med. 53:143, 1931. 


Physiologic solution of sodium chloride is absorbed from the pericardial cavity 
of medium-sized rabbits at a rate of approximately 1.3 cc. per hour. This absorp- 
tion is via the subepicardial blood capillaries. Rabbit serum and horse serum are 
absorbed extremely slowly —an indication of the low grade lymphatic drainage 
of the pericardial sac. Graphite particles of bacterial dimensions are also removed 
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slowly. Such particles enter the lymphatics only after phagocytosis. The 
lymphatics in the basal part of the pericardium are the principal source of drainage. 
Subepicardial lymphatics are entered with difficulty from the pericardial cavity. 


AuTHoRS’ SUMMARY. 


FIXATION BY THE INFLAMMATORY REACTION. V. MENKIN, J. Exper. Med. 


53:171 and 179, 1931. 


Microscopic studies show the presence of a network of fibrin within the tissues 
and numerous thrombosed lymphatics at the site of inflammation. Precipitated iron 
compounds, possibly coagulated horse serum, or particulate matter caught in this 
fibrinous reticulum will disseminate less readily than trypan blue from the site 
of inflammation. Trypan blue injected at the periphery of an inflamed area 
fails to enter the site of inflammation. This failure to penetrate is caused py 
the occlusion of lymphatic vessels and by the presence of a fine network of fibrin 
in the tissue spaces of the inflamed area. Fixation of foreign substances by the 
inflammatory reaction is, therefore, primarily due to mechanical obstruction caused 
by a network of fibrin and by thrombosed lymphatics at the site of inflammation. 
There is another phase of the problem which still requires more accurate informa- 
tion. This concerns the relation between exudation from blood vessels and changes 
in flow of lymph from the inflamed area. Further experiments are being con- 
ducted to investigate this question. The reaction of fixation, which occurs extremely 
early in the inflammatory process, circumscribes the irritating substance and 
allows a definite period of time for the leukocytes to assemble for the purpose 
of phagocytosis. It is through a delicate regulating mechanism of this kind 
that, to use the expression of Opie, “the vital organs are protected at the expense 
of local injury.” 

Trypan blue injected into the circulating blood stream of frogs accumulates 
rapidly in an inflamed area. When trypan blue is injected directly into the 
area of inflammation, it is fixed in situ and fails to diffuse outward. If the 
dye is injected at the periphery of an inflamed area, it fails to enter the site of 
inflammation. This failure of penetration is caused by the occlusion of lymphatic 
vessels and the presence of a network of fibrin in the inflamed area. These experi- 
ments furnish additional evidence that fixation of foreign substances by the inflam- 
matory reaction is due to mechanical obstruction caused by a network of fibrin 
and by thrombosed lymphatics at the site of inflammation. 


AUTHOR’S SUMMARY. 


THE GRADIENT OF VASCULAR PERMEABILITY. P. Rous and F. Situ, J. 
Exper. Med. 53:195 and 219, 1931. 


A mounting gradient of permeability exists along the capillaries of the muscles 
of the frog. In the muscles of the chicken none has been demonstrated, but the 
close-knit vascularization is arranged in duplicate in such manner that the blood 
runs in opposite directions through the capillaries of nearly adjacent fibers. In 
a flight muscle of the pigeon there exists, in addition to this artifice, what appears 
to be a special collecting system of venous capillaries. In the mammalian 
diaphragm indications of such a system are also to be found, and a gradient of 
capillary permeability like that in the other skeletal muscles is probably present. 
These vascular conditions are briefly considered in terms of function. 

A steeply mounting gradient of permeability is demonstrable along the mesh- 
work of capillaries that connects the arterioles and venules of the skin of the 
frog. The venules incorporated in the meshwork are even more permeable than 
the capillary meshes giving into them. The presence of the gradient under such 
differing conditions as exist along the capillaries of frogs and mammals enables 
one to rule out certain factors that might be invoked to explain it; and it is not 
explainable in terms of those influences generally recognized as conditioning 
exchange between the blood and tissues. Not improbably it results from a 
structural differentiation along the capillary. 


AvuTHuors’ SUMMARY. 
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GRAVES’ CONSTITUTION (WARTHIN). C. A. HELLwic, Surg. Gynec. Obst. 52:43, 
1931. 


Study of thyroid glands, obtained at autopsy and by surgical removal, did 
not support the contention of Warthin that status thymicolymphaticus is asso- 
ciated with lymph follicles in the thyroid gland. In only 66 per cent of cases 
of exophthalmic goiter and toxic goiter was there lymphoid tissue in the thyroid 
gland, and of the cases without clinical symptoms of thyrotoxicosis 38.5 per cent 
showed lymphocytic infiltration. Two cases of sudden death with all the anatomic 
signs of a thymicolymphatic constitution fziled to show any lymphoid tissue in 
the thyroid glands. Lymphocytic infiltration of the thyroid is not a manifestation 
of an underlying constitutional anomaly but a local response to hyperplasia and 
hypersecretion of the gland as indicated by the facts that lymphocytes collect only 
in or around the islands of cellular hyperplasia and that the colloid-rich areas 


are practically free from round cells. 
are ey ’ . — RicHarp A. LIFVENDAHL. 


CARBOHYDRATE METABOLISM IN TUBERCULOSIS. I. E. RABuCHIN, Beitr. z. Klin. 


d. Tuberk. 74:541, 1930. 


Both in experimental and in extensive pulmonary tuberculosis the carbo- 
hydrate metabolism is decreased. The impairment is due to a dysfunction of the 
liver and of the suprarenal system; in experimental tuberculosis in guinea-pigs 
there is hypofunction of the pancreas. The condition of the carbohydrate metabo- 


lism justifies the therapeutic administration of insulin. Mae Prsure 


STUDIES ON THE PuystoLocy oF Sex. M. Borst, A. D6OpERLEIN and D. 
GosTiImrIRovié, Miinchen. med. Wcehnschr. 77:473, 1930. 


In order to determine whether the anterior hypophyseal hormone can produce 
changes in the immature male mouse, such as have been described for the female, 
the authors tried to answer the questions whether manifest changes could be 
produced within an average of 100 hours and what portion of the testicular 
apparatus was first stimulated or changed. In this communication the results of 
various dosages of the hormone on immature mice are given. Contrary to the 
observations of both Herman and Saller, the authors were able to observe 
spermatozoa as early as the twenty-seventh day of life. Weak doses (from 
3 to 6 rat units daily) had no effects, but dosages ranging from 30 to 200 rat 
units daily produced definite effects. Within 100 hours the following changes 
could be made out in the testicle and seminal vesicle: (1) increased mitotic division 
of spermatogonia, as well as of spermatocytes, with areas of detachment and 
fusion of cells, and (2) increased size of the glandular lining of the seminal 
vesicle, with much mitosis in its epithelium, as well as a striking increase in 


secretion. A. J. Kopaxk 


THE PERMEABILITY OF THE BLOOD VESSELS OF THE EYE AND BRAIN FOR 
Acip AND Basic Dyes. P. N. WEssELKIN, Ztschr. f. d. ges. exper. Med. 
72:90, 1930. 


Experiments revealed that the blood vessels of the eye were readily permeable 
for basic dyes, while acid substances passed through with difficulty. 


PEARL ZEEK. 


BasAL METABOLISM IN UNDERFEEDING. M. RuBNER, Ztschr. f. d. ges. exper. 
Med. 72:123, 1930. 


In the author’s experiments underfeeding did not lower the basal metabolism. 
There were noteworthy changes, however, in the nitrogenous waste and in the 


acid and ash content of the urine. Deies Seon. 
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EFFECT OF TEMPORARY OCCLUSION ON BLOOD-FoRMING TIssUE. OTTO 
KaltseEr, Ztschr. f. d. ges. exper. Med. 72:211, 1930. 


The arterial supply to large portions of bone marrow was occluded for varying 
lengths of time, and the effects on the various blood cells were studied. The 
contrast in the behavior of cells of the lymphatic and myelocytic series would 


indicate a dual origin of these two types of cells. a 


THE AcTIVE SUBSTANCE OF DERMOGRAPHIA. MAx HoLzapFEL, Ztschr. f. d. 
ges. exper. Med. 72:269, 1930. 


Following mechanical irritation of the skin a substance is formed which 
passes into the circulation, the action of which closely resembles that of histamine 


when the latter is injected subcutaneously into human beings. Peat Pear 


Pathologic Anatomy 


THE PATHOGENESIS OF BROWN INDURATION OF THE LuNG. EL1 Moscucow!Tz, 
Am. Heart J. 6:171, 1930. 


Brown induration of the lung only occurs in the forms of circulatory or 
cardiac disturbance in which a hypertension of the pulmonary circulation can be 
predicated, no matter where the increased peripheral resistance may be. The 
lesions are exclusively associated with arteriosclerosis of the pulmonary vessels. 
Arteriosclerosis of the pulmonary vessels is, therefore, pathognomonic of hyper- 
tension of the pulmonary circuit and vice versa. The lesion of brown induration 
of the lung consists essentially in dilatation and thickening of the pulmonary 
capillaries. It is an “arteriosclerosis” in miniature. Unquestionably, part of the 
sclerotic process is the result of diminution in blood supply and even infarction 
of the affected areas. The lesions within the lung parallel exactly those seen in 
the systemic organs, and especially in the kidney, in hypertension of the greater 
circulation. A case is reported in which the lesions of the brown induration of 
the lung were found consequent to a prolonged asthma. Under observation, the 
patient revealed the transition from a purely functional bronchial asthma to 
emphysema, to a pure clinical example of hypertension of the pulmonary circulation 
and finally to death from failure of the right side of the heart. 


AUTHOR’S SUMMARY. 


PATENT OMPHALOMESENTERIC Duct ASSOCIATED WITH INCOMPLETELY PATENT 
Uracuus. MILTON M. AUSLANDER and Laura McCriure, Am. J. Dis. 
Child. 40:1276, 1930. 


A case of patent omphalomesenteric duct is reported. The case was associated 
with the following unusual features: (a) occurrence in a premature female infant; 
(b) occurrence with an associated incompletely patent urachus, and (c) difficulty 
in feeding. Differential diagnosis between umbilical granuloma, patent urachus 
and patent omphalomesenteric duct is extremely important, especially from the 


point of view of treatment. Aarons Gesaeinatiie: 


A CASE OF ENCEPHALITIS AND INFLUENZAL PNEUMONIA FOLLOWING VACCINA- 
TION. RutH Turuityt, Arch. Neurol. & Psychiat. 24:759, 1930. 


The patient, a boy, aged 6, twelve days after vaccination against smallpox and 
after a headache of two days’ duration became stuporous and incontinent and 
convulsions developed. On the fourth day of the illness, examination showed 
lateral nystagmus, spasmodic twitchings of the eyelids, cyanosis, tonic contraction 
of the extremities and physical signs of pneumonia. The blood contained 31,000 
leukocytes per cubic millimeter; the temperature was 102 F.; the spinal fluid was 
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under increased pressure and contained 12 cells per cubic millimeter. Death 
occurred on the fifth day after the onset of the disease. 

Macroscopic and microscopic examinations revealed an influenzal bronchopneu- 
monia in which Pfeiffer’s bacilli were demonstrated, and marked perivascular 
infiltrations with lymphocytes, plasma cells and macrophages in the centrum semi- 
ovale and the lower layer of the cortex, with the extension of the infiltration cells 
into the parenchyma. The precapillaries were the vessels principally infiltrated. 
In the corpus striatum, globus pallidus, optic thalamus and pons very few vessels 
showed infiltrations. The substantia nigra was practically normal; in the cere- 
bellum only the dentate nucleus showed perivascular infiltrations. The medulla 
and upper part of the spinal cord were normal. The infiltrated areas appeared 
demyelinated, and fat globules were practically absent throughout; only a few 
uninvolved vessels beneath the cortex showed them. The author explains the 
apparent demyelinization around the blood vessels not by degeneration of the 
myelin fibers but by their being “pushed aside.” She admits that the pathologic 
picture is not typical of postvaccinal encephalitis. Cte 


ENCEPHALOMYELITIS COMPLICATING MEASLES. H. M. ZIMMERMAN and HER- 
MAN YANNET, Arch. Neurol. & Psychiat. 24:1000, 1930. 


In a boy, aged 4, a picture of meningo-encephalitis developed on the fifth day 
of measles and was followed by death six days later. The microscopic changes 
in the brain were essentially like those described in so-called postvaccinal 
encephalitis—areas of demyelinization without axonal changes, throughout the 
white substance of the brain, associated with marked proliferation of microglia and 
the transformation of the latter into granule cells and “polyblasts.” The gray 
matter was hardly involved; hemorrhages and perivascular hematogenous infil- 
trations were entirely absent. The leptomeninges exhibited a mild mononuclear 
cell reaction, composed of transformed microglia cells that the authors think 
probably wandered in from the perivascular spaces of the cerebral parenchyma or 
the cranial nerves. The cortical gray matter, basal ganglia, red nucleus and sub- 
stantia nigra were not affected. G. B. Hassin 

. B. Hassin. 


INCLUSION BopIEs IN ARTIFICIALLY INDUCED ConyjuNcTIiviTis. S. R. GIFFORD 


and N. K. Lazar, Arch. Ophth. 4:468, 1930. 


The authors succeeded in producing inclusion bodies in the conjunctivae of 
guinea-pigs and rabbits by creating an inflammation by means of Bacillus pseudo- 
tuberculosis-rodentium as well as by chemical irritants such as 25 per cent nicotine 
or pure croton oil. These inclusions are, in the opinion of the authors, identical 
with those observed in trachoma and “inclusion blennorrhea.” “The presence or 
absence of inclusion bodies would hence appear to be of no importance in the 


etiology iagnosis rachoma.” 
gy or diagnosis of trachoma CHARLES WEIss. 


On THE ORIGIN OF MILIARY ANEURYSMS OF THE SUPERFICIAL CEREBRAL 
ARTERIES. Wi Ley D. Forsus, Bull. Johns Hopkins Hosp. 47:239, 1930. 


Miliary aneurysms of the superficial cerebral arteries and most probably those 
of all other arteries of medium size occur independent of an inflammatory process, 
arteriosclerosis or external trauma, and these aneurysms as such are not congenital 
malformations. That they are acquired lesions arising from a combination of 
focal weakness in the wall of the vessel, resulting from a congenital defect of the 
muscularis and degeneration of the internal elastic membrane, due to continued 
overstretching of this membrane, seems the most logical conclusion. While this 
point of view is maintained, the fact remains that there are aneurysms of the small 
blood vessels due to arteriosclerosis, trauma, syphilis, bacterial infection, etc. 
These aneurysms, however, are sufficiently characteristic to allow easy recognition, 
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and hence they need never be confused with those of the specific group, which them- 
selves are characteristic in their location, multiplicity, size, microscopic structure 


and other features. From AuTHor’s SUMMARY. 


SPONTANEOUS CARDIAC Rupture. E. H. Beresrorp and C. J. C. Ear, Quart. 
J. Med. 23:55, 1930. 


“The literature on the subject consists mainly of a large number of reports 
of isolated cases or very small series, published frequently by quite unskilled 
observers struck by the dramatic aspect of the condition.” The first thirty-two 
cases of this series of forty-six cases among inmates of a hospital for the insane 
were not studied carefully histologically; the last fourteen cases were carefully 
studied. Of the latter, every one showed recent infarction. In only two cases was 
there any evidence of beginning repair. Thrombosis of the coronary supplying the 
infarcted area was definitely demonstrated in nine instances. Autopsies of the 
thirty-two earlier cases made no mention of infarction, showing the necessity for 
careful microscopic examination. The percentage of women (82.2 per cent) was 
higher in this series than in previous reports. 

The authors call attention to the fact that antemortem history is usually one 
of coronary occlusion and not rupture; also that rupture is one of the less 
frequent sequelae of cardiac infarction (about 6 per cent). They believe that 
hemorrhage into the softened infarcted area, and into areas of fat necrosis, plays 
an important rdle in the mechanism of the rupture. Raised intrapericardial pres- 
sure cannot be the cause of death in all instances, the amount of blood in the 


- P ‘7 / prions . 
pericardium being small in many cases Roy F. Fasusres. 


HistoLocic Stupy oF NEARTHROSIS FOLLOWING FRACTURE OF THE NECK OF 
THE Femur. E. Freunp, Beitr. z. path. Anat. u. z. allg. Path. 85:101, 1930. 


Freund describes in detail the changes that occur in the opposed surfaces of 
the two fragments in fracture of the neck of the femur and that lead to the for- 
mation of a nearthrosis. His study is based on material from nine cases in which 
the age ranged from 56 to 79 years; five were cases of tabetic arthropathy. Even 
when the round ligament is torn across and the head loses all connection with 
surrounding tissues and acts as a foreign body, reparative changes occur in the 
fracture surface. When the head retains connections that afford a better nutri- 
tional supply, the reparative phenomena in the fracture surfaces of the head and 
shaft lead to the formation of articular surfaces, in which process connective 
tissue, cartilage and bone take part in varying degree. A joint capsule is formed 
that may also contain areas of cartilage or bone. A synovial membrane is 
formed. Where this is subjected to mechanical pressure or stress, adipose tissue 
is laid down, a fact that suggests that the fatty pads of the synovia of normal 
joints have a protective function. OF, Seudes: 


CHANGES IN THE BONE MARROW IN AGRANULOCYTOsIS. E. OpprKoFrerR, Beitr. 
z. path. Anat. u. z. allg. Path. 85:165, 1930. 


In three cases of fatal agranulocytosis studied histologically, Oppikofer noted 
that the disappearance of the leukocytes is uniform in all the tissues and organs 
of the body. The disappearance of the leukocytes is due to the action of some 
as yet unknown toxin on the myeloblasts of the bone marrow. These cells reveal 
various forms and degrees of degeneration leading to necrobiosis. Degeneration 
and destruction of the myeloblasts are the characteristic and essential changes in 
agranulocytosis. The spleen in Oppikofer’s cases revealed a plasmacytic reaction, 
without a local formation of granulocytes. OC: F Senbuee. 
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HypopHysEAL DWARFISM IN A FEMALE. F. ALTMANN, Beitr. z. path. Anat. 
u. z. alig. Path. 85:205, 1930. 


Chief interest attaches to the case reported by Altmann because he claims it 
is the first well authenticated example of pituitary dwarfism in the female in 
which changes in the internal genitalia received full consideration. The girl was 
17 years old at the time of death. Growth had been normal until the eighth 
year of life,-when she began to have headaches and to complain of difficulty with 
vision. These symptoms increased slowly but progressively and led to admission 
to the hospital, where death occurred within a few days. The patient was 129 cm. 
tall, a height which corresponds to that of a normal girl of 10 years. The breasts 
were undeveloped, and the axillary and pubic hair was absent. She had never 
menstruated. The basal metabolic rate was normal. There was bilateral optic 
atrophy. Roentgenographic examination revealed a normal sella, above which 
was an area of calcification. The clinical diagnosis of tumor of the hypophyseal 
duct was confirmed at necropsy. The tumor was the size of a hen’s egg, was 
largely calcified, contained squamous epithelium, and had caused compression atrophy 
of the anterior lobe of the pituitary. The tumor exhibited evidence of progressive 
expansive growth, but was not considered malignant. The thymus was incom- 
pletely involuted. The thyroid, parathyroids and suprarenals were normal. The 
ovaries weighed 3.4 and 3.2 Gm., respectively, and each contained many small 
cystic follicles. Developing follicles were numerous in the ovaries, but maturation 
and rupture of follicles had not occurred and there were no recent or old corpora 
lutea. The uterus was infantile. Altmann’s interpretation of these observations 
is that the tumor caused atrophy of the anterior lobe of the pituitary and defi- 
ciency of anterior lobe hormone. Development of ovarian follicles was normal 
to the stage of maturation and rupture of follicles, which processes require the 
action of pituitary hormone. The incomplete development of ovarian follicles led 
to deficiency of ovarian hormone, which in turn resulted in failure of development 
of the uterus and mammae, in absence of axillary and pubic hirsutes, and in the 


nonestablishment of menstruation. O. T. Scuutrz 


THE PATHOGENESIS OF ARTERIOSCLEROTIC CHRONIC INTERSTITIAL NEPHRITIS. 
M. STAEMMLER, Beitr. z. path. Anat. u. z. allg. Path. 85:241, 1930. 


In the generally accepted view of the pathogenesis of that form of chronic 
interstitial nephritis that is due to arteriosclerosis of the larger branches of the 
renal artery, fibrosis of the glomeruli is the immediate result of the impaired 
nutrition due to narrowing of the arteries. Atrophy of the tubules is secondary 
and is held to be due to loss of function, and perhaps also in part to continuing 
poor nutrition of the tissue. In the incomplete infarction that follows partial 
thrombosis of an artery and in the peripheral zone of complete infarcts, accord- 
ing to Staemmler, the process is reversed. The tubules degenerate and undergo 
atrophy first. Fibrosis of the glomeruli follows the tubular changes. Since in 
complete and incomplete infarction the fundamental process is also one of low- 
ered nutrition, Staemmler believed that it should be possible to find in kidneys 
with arteriosclerotic chronic interstitial nephritis, histologic evidence to determine 
whether the glomerular or tubular changes are first to appear. From the series 
of kidneys studied, he selects three in which the changes were early enough to 
permit him to arrive at a conclusion as to the sequence of events. In these it 
was possible to find areas of tubular degeneration and atrophy, the glomeruli 
being intact. He concludes that the impaired nutrition that results from narrow- 
ing of the arteries leads first to tubular damage, and only later and secondarily 
to glomerular changes. oe ee 
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PARADOXICAL EmBortisM AFTER Laspor. W. Koessin, Deutsche med. Wchnschr. 
56:2081, 1930. 


A 30 year old primipara complained of sudden severe pain in the left leg 
eleven days after delivery, and shortly afterward the leg became cold and para- 
lyzed. Symptoms and physical signs of an infarct in the right lung were noted 
about the same time. Because the left popliteal artery was pulseless, the left 
femoral and external and common iliac arteries were opened in an effort to remove 
obstructing thrombi. Postmortem examination disclosed thrombosis of the left 
femoral vein, an obturating thrombus of the right pulmonary artery, a patent 
foramen ovale, recent infarcts of the left kidney and a saddle thrombus (para- 
doxical embolus) at the bifurcation of the aorta obstructing both common iliac 


arteries. PauL BRESLICH. 


THE FATE OF INTRAVITALLY STORED DyEsTUFFS. KuRtT SOMMERFELD, Ztschr. 
f. d. ges. exper. Med. 74:105, 1930. 


Experiments show that india ink injected intravenously may be recovered in 
apparently undiminished quantity from the body of experimental animals after 
500 days. The stored dye, however, undergoes certain changes in position in the 
course of time, being sometimes found in the liver, while at other times it is 
absent in the liver and may be found in the spleen and bone marrow. 


PEARL ZEEK. 


HEMANGIOMA AND HEMANGIOMATOSIS. FRANCIS HaARBITz, Norsk mag. f. 
legevidensk. 91:1335, 1930. 


Two cases of hemangioma of the eye (von Hippel’s disease) are described, 
one in a 17 year old girl and the other in a man 55 years old. A hemangioma 
of the cerebellum in a boy, 16 years old, who died suddenly from hemorrhage 
into the fourth ventricle, is described; also a large cavernous hemangioma in the 
lower part of the spinal cord and the cauda with extensive hemorrhage in a 
woman 41 years of age. In no one of these last two cases were there any 
growths or cysts in the pancreas, the kidneys or the suprarenals. Two cases of 
multiple hemangioma of the liver in a man 36 years old and a woman 24 years 
old are described; in both of these patients the liver increased rapidly in size 
with abdominal pain, ascites and hemorrhagic diathesis; after death the liver in 
both cases was greatly enlarged and completely transformed into hemangiomas ; 
in one of the cases there was metastasis in the lungs (hemangiosarcoma). 


Pathologic Chemistry and Physics 


Bite SALtt HEMOLysis IN NEwW-BorN INFANTS AND Its INHIBITION BY THE 
BLoop SERUM. HeEywortH N. SANFORD, MARIAN M. CRANE and ELEANOR 
I. Lestre, Am. J. Dis. Child. 40:1039, 1930. 


The amount of bile salts necessary to cause hemolysis of the red blood cells 
of the normal new-born infant is fairly constant and practically the same as in 
the case of the adult. The blood serum of the normal new-born infant protects 
at a higher concentration and at a constant value, as in the case of the adult. 
In idiopathic icterus, there is no change in these values. In three cases of 
pathologic jaundice due to congenital syphilis and in one case of hemorrhagic 
disease of the new-born, there was no change in these values. 


AvuTHoRS’ SUMMARY. 


THE QUANTITATIVE DETERMINATION OF ALANINE AND Pyruvic ACID IN 
Brotocic Supstrates. A. I. KENDALL and T. E. FrrEDEMANN, J. Infect. 
Dis. 47:171, 1930. 


In concentrations of from 10 to 50 mg., alanine is changed quantitatively to lactic 
acid in accordance with the equation CH;.CHNH»COOH+HONO=CH:.CHOH. 





ABSTRACTS FROM CURRENT LITERATURE 647 


COOH+N:+H:0. Sodium nitrite and either dilute hydrochloric acid, or, better, 
sodium bisulphate are the reagents used. At the end of the reaction, which 
requires fifteen minutes at 100 C. (212 F.) the excess of nitrous acid is removed 
by urea. After cooling, the solution is made up to a definite volume, and the 
resulting lactic acid is determined in duplicate on aliquots, using the procedure of 
Friedemann and Kendall. The precision of the method lies between 97 and 98 
per cent for the quantities mentioned. When the alanine content is reduced to 
1 or 2 mg., the yield decreases to about from 92 to 93 per cent. The article itself 
should be consulted for intimate details, and for the applicability of the method to 
biologic substrates. The precision of this procedure and that for pyruvic acid 
is brought out in studies of “resting” bacteria (J. Infect. Dis. 47:186-248, 1930). 

Pyruvic acid is reduced to lactic acid in the presence of zinc dust, and 
NaHSOQO,, with a drop of 20 per cent CuSO, to hasten the reaction, in accordance 
with the reaction CHs.CO.COOH+H:=CHs.CHOH.COOH. The quantitative 
conversion of pyruvic to lactic acid requires two hours’ exposure to 100 C. 
On account of the slight volatility of pyruvic acid, the solution is made faintly 
alkaline while it is being brought to the reaction temperature. Then the Zn and 
NaHSO, are added. In the absence of certain conflicting substances, the solution, 
after cooling, is brought to the proper volume, and lactic acid is determined in 
suitable aliquots, the Friedmann-Kendall procedure being used. In the presence 
of conflicting substances, which are discussed in detail, precipitation with Cu-Ca 
is practiced before the cooled solution is made to volume and filtered. Here lactic 
acid is determined on aliquots of the filtrates. If the details are faithfully fol- 
lowed, the yield is uniformly from 93 to 94.5 per cent. The loss from theoretical 
yield appears to be due to slight volatility of pyruvic acid. This loss, however, 


is consistent if the details rigorousl ved. . 
tent if the details are rigorously followed Auemend’ Suman. 


Tue INFLUENCE OF ARSENICALS AND CRYSTALLINE GLUTATHIONE ON THE 
OxyYGEN CONSUMPTION OF TISSUES. CARL VOEGTLIN, SANFORD M. 
ROSENTHAL and J. M. Jounson, Pub. Health Rep. 46:339, 1931. 


The addition of crystalline SH glutathione to kidney, liver, testis, the Jensen 
rat sarcoma and baker’s yeast does not increase the rate of oxygen consumption 
beyond the extra amount of oxygen required to oxidize the sulphur of the added 
glutathione. Oxidized glutathione has no accelerating influence on the oxygen 
consumption of kidney and testis. 

Arsenious oxides (R.AsO) in relatively low concentrations cause a pronounced 
reduction in the rate of oxygen consumption. The pentavalent arsenicals 
(R.AsO:He), including tryparsamide, in the same concentrations are devoid of 
any influence on the oxygen consumption. Of the arsenobenzene derivatives 
(R.As = AsR), sulpharsphenamine is ineffective, whereas neoarsphenamine due 
to its rapid oxidation reduces the oxygen consumption, but less markedly than 
arsenoxide. These results are in harmony with observations concerning the 
pharmacologic and chemotherapeutic properties of these compounds, which dis- 
tinguish the three groups, R.AsO, R.AsOsHe and R.As = AsR. 

SH giutathione, when added to tissues in the ratio of 10 mols to 1 mol of 
arsenoxide, prevents the reduction in oxygen consumption caused by arsenoxide 
alone. S-S glutathione is ineffective, showing that the action of SH glutathione 
is due to its SH group. 

Ferrous ammonium sulphate is ineffective in overcoming the reduction in 
oxygen consumption produced by arsenoxide. 

These observations add further evidence in favor of the theory that the pharma- 
cologic action of these arsenicals is essentially due to a chemical reaction with 
SH glutathione and possibly other SH compounds of protoplasm. 

From the physiologic point of view, the results appear to indicate that gluta- 
thione in some as yet unexplained manner is concerned in the oxygen consumption 


of tissues in vitro. AurHors’ SUMMARY 
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THE RELATIVE AMOUNTS OF LYSOZYME IN THE TISSUES OF SOME MAMMALS. 
Howarp F iorey, Brit. J. Exper. Path. 11:251, 1930. 


Titrations for lysozyme of various tissues of six mammalian species are given. 
Some results support the idea of lysozyme being primarily an antibacterial agent; 
other results are difficult to interpret on this basis. Airvinneitn Betiieseees 


THe PaTtHoLoGicaL Action oF Licut. A. GoopMAN Levy, J. Path. & Bact. 
33: 1003, 1930. 


The epithelial changes (namely hypertrophy of the stratum malpighii and 
infiltration of the stratum corneum) which were found to occur at the margin of 
tissue necrosed through the action of ultraviolet light, are found to be common 
to other forms of injury. They are evidently connected with the processes of 
regeneration and repair. The hypertrophy of the stratum malpighii is preparatory 
to the propagation of a strand of flattened epithelial cells over a denuded surface, 
but may suffice to fit a small gap without this propagation. The spread of infil- 
trated stratum corneum appears to serve as a protection to an important point of 
regeneration. These same epithelial changes can be induced through the mitigated 
action of ultraviolet light, without visible evidence of destruction of tissues, and a 
similar result is obtained through the mitigated action of some other traumatic 
agents. An inference that reparative changes are induced by the mitigated action 
of agents at the margins of an area of intense action cannot, however, be substan- 
tiated. A suggestion that these reparative changes may be induced by a diffusible 
substance emanating from injured or dead tissue, is discussed. 


AUTHOR’s SUMMARY. 


ANOTHER METHOD FOR THE QUANTITATIVE EsTIMATION OF GLYCURONIC ACID 
IN THE URINE. J. SAvER, Klin. Wchnschr. 9:2350, 1930. 
Glycuronic acid determined as carbon dioxide is the basis of this method. 
According to Sauer, the average daily excretion of glycuronic acid in the urine 
: : ce f 2? 2G ‘ 3 
as estimated by this method is from 0.22 to 0.28 Gm. ——— 


THE QUANTITATIVE, ESTIMATION OF THE GLYCURONIC ACID OF THE URINE 
AS A FUNCTIONAL TEST OF THE LIVER. J. SAvER, Klin. Wehnschr. 9:2351, 
1930. 

A daily excretion of glycuronic acid in the urine of less than 0.2 Gm. indicates 
injury of the liver. AvuTHOR’s SUMMARY. 


Microbiology and Parasitology 


CHICKENPOX WITH A BLoop PictuRE SIMULATING THAT IN LEUKEMIA, Douc- 
LAs GOLDMAN, Am. J. Dis. Child. 40:1282, 1930. 


An unusual case of varicella with observations on the blood suggestive of 
leukemia is described. Attempts to cause a similar blood reaction in this case 
by vaccination and by the injection of typhoid vaccine were unsuccessful. The 
literature contains no report of similar observations in varicella. 


AuTHOR’S SUMMARY. 


THE VIRULENCE OF ENTAMOEBA HistorytTica. L. R. CLEVELAND and ELiza- 
BETH P. SANDERS, Am. J. Hyg. 12:569, 1930. 


A pure line and several strains of Entamoeba histolytica used were best grown 
on a new medium comprised of liver infusion agar slants covered with fresh 
sterile horse serum-saline 1:6, and a small amount of sterile rice flour added to 
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each tube. Amebic abscesses can be produced in the liver by direct inoculation. 
Amebas from acute cases of dysentery grown in the foregoing medium for a year 
practically lost their ability to maintain themselves in the liver and intestines. 
If they were passed through the liver by inoculation, there was a successive rise 
in infectivity, from 20 per cent in the first passage to 73 per cent in the sixth 
passage. Not considering the bacteria associated with them there is an increase of 
the virulence of the amebas with successive passage. At the fifth passage through 
the liver bacteria accompanying the amebas were cultured and injected alone into 
the liver of nine cats. The resulting occurrence of abscesses was higher than 
in the other sixth passages with which amebas were associated. Hence it appears 
that the bacteria rather than the amebas have gained in virulence. Following the 
second passage through the liver, amebas were freed of associated bacteria, then 
contaminated with nonpathogenic bacteria. These were injected into nineteen 
animals, and no hepatic abscesses resulted. Likewise, none of the bacteria-free 
amebas produced abscesses when injected alone. The generalization that bacteria- 
free amebas will not produce abscesses cannot be made until more virulent amebas 
have been used. No increase in virulence is noted in the amebas from acute cases 
of dysentery, in intestinal passage, if they are not grown on mediums. Amebic 
abscesses were found to develop as rapidly in the livers of adult cats as in kittens. 
E. histalytica cultivated from acute cases of dysentery were more infectious for 
the liver than for the intestines. Amebas from carriers that have not had dysen- 
tery and from monkeys are less pathogenic than those from acute cases of dysen- 
tery, even when the latter have been cultivated for a year or more and have not 
been inoculated into animals. Attempts to produce abscesses of the brain in 
guinea-pigs, rabbits and kittens failed. Direct injection into the mesenteric veins 
of cats failed to produce hepatic abscesses, and hepatic abscesses failed to follow 
direct implantation in nine monkeys, sixteen rats and seven rabbits. 


P. H. GuINanp. 


THE CELLULAR REACTIONS TO PRIMARY INFECTION AND REINFECTION WITH 
THE TUBERCLE BaciL_us. Leroy U. Garpngr, Am. Rev. Tuberc. 22:379, 
1930. 


Five phases of the reaction to a primary infection in the peritoneal cavity of 
the guinea-pig are discernible: (1) nonspecific inflammation, characterized by a 
high leukocytosis of from two to three days’ duration; (2) focal proliferation, 
characterized by rapidly increasing mononucleosis, from four to six days in dura- 
tion; (3) the formation of tubercles, characterized by a high mononucleosis and 
the appearance of epithelioid cells, from six to eight days in duration; (4) hyper- 
sensitiveness, characterized by a high lymphocytosis which developed suddenly a 
few days before the manifestation of hypersensitiveness of the skin, lasting until 
shortly before the death of the animal; (5) anergy, characterized by irregular 
vacillations in the lymphocyte-monocyte ratio and by decreasing hypersensitiveness 
of the skin. Subcutaneous infection with tubercle bacilli in distant parts of the 
body produces changes in the peritoneal fluid, analogous to, but not so well marked 
as those due to local infection. Reinfection in the peritoneal cavity of animals 
previously sensitized by subcutaneous inoculation is met by the same type of 
cellular reactions as those found in primary infections of normal guinea-pigs. 
The most striking variation observed between the reaction to primary infection 
and reinfection is the accelerated development of a lymphocytosis in the latter. 
Lymphocytosis in the peritoneal exudate has been found to develop coincident with 
hypersensitiveness of the skin. Its degree varies directly with the intensity of 
the reaction of the skin. A lymphocytosis is present in the peritoneal fluid of about 
35 per cent of apparently normal guinea-pigs, possibly a manifestation of allergy 
to chronic or healed nontuberculous infections. It is concluded that the lympho- 
cytosis is a result rather than a cause of the changes in the immunologic state. 
It is believed that the clasmatocyte and the monocyte of Sabin’s classification are 
one and the same type of cells and that the morphologic characteristics of the cell 
vary with its state of physiologic activity. HY. Coven 
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Bacittus NeEcrRopHorus OBTAINED FROM Cows. M. L. Orcutt, J. Bact. 
20 : 343, 1930. 


Ten strains of Bacillus necrophorus isolated from cows have been described. 
With the exception of one strain, these strains are similar in morphology, in most 
cultural reactions and in pathogenicity for rabbits. When the strains were 
compared as to agglutination reactions certain differences were readily apparent, 
since immune serums prepared with four different strains allowed varying degrees 
of cross-agglutination and apparently no cross-absorption of specific agglutinins. 
Each immunizing strain apparently produces specific agglutinins, since they are not 
absorbed by any other culture. Also, as found in the case of the A culture, a strain 
may stimulate the production of distinct heterologous agglutinins. The fluffy type 
of colony usually found by other workers has not been observed with these strains, 
which in all cases form smooth, even, compact colonies in serum agar shake 


Ss. : 
culture From Autuor’s SUMMARY. 


ETIOLOGY OF SPONTANEOUS PULMONARY DISEASE IN THE ALBINO Rat. D. T. 
Situ, N. BEtTHUNE and J. L. Witson, J. Bact. 20:361, 1930. 


A number of different types of organisms are capable of producing pulmonary 
infections in the albino rat, such as Bacillus actinoides, B. bronchisepticus, B. muris 
and a streptothrix. In a group of sixteen rats that we studied there were present 
(1) an unidentified anaerobic coccus, in all cases; (2) an unidentified areobic 
gram-negative bacillus, associated with the coccus, in fourteen cases; (3) B. 
bronchisepticus associated with the coccus in two cases, and (4) a large fusiform 
bacillus associated with the coccus in two cases, which morphologically was iden- 
tical with Vincent’s fusiform bacillus, found in abscesses of the lung in man. A 
symbiosis of the unidentified coccus and the unidentified bacillus was demonstrated 
by our failure to produce the disease by inoculation of pure cultures of either, 
while the combined pure cultures produced a lesion identical with that of the 
spontaneous disease. In experiments with tubercle bacilli in albino rats, care should 
be taken to exclude the mt ny of the presence of a coexisting or preexisting 
spontaneous pulmonary diseasé in which the tubercle bacillus may be implanted. 


From AvuTHOoR’s SUMMARY. 


StupIEs ON TypHus FEvER. Hans ZINssER and M. Ruiz Castanepa, J. Exper. 
Med. 52:649 and 661, 1930. 


We have adduced strong evidence in favor of identifying the virus of Mexican 
typhus fever with Rickettsiae, or Mooser bodies, observed in the tunica lesions 
of guinea-pigs with Mexican typhus. Were it not for the possible presence of a 
few remaining cell fragments in the washings, we would consider this evidence 
crucial proof. 

Our experiments have shown that the Mooser bodies or Rickettsiae derived 
from guinea-pigs with Mexican typhus fever can survive in bedbugs after intra- 
coelomic injection for ten days, remaining capable of infection. We have also 
succeeded in similarly infecting bedbugs by allowing them to feed on benzolized 
rats in whose blood Rickettsiae had been shown to be present. Injection of the 
organs of such bedbugs five days after the last and nine days after the first 
infectious feeding, into guinea-pigs produced typical Mexican typhus fever. Some 
of the guinea-pigs infected with such bedbug organs and passing through a typical 
typhus proved to be immune to subsequent inoculation with the European disease. 
Attempts to infect normal guinea-pigs by allowing infected bedbugs to feed on 
them or by rubbing the feces into the uninjured skin have, so far, been unsuccessful. 
We have not, therefore, completed the cycle proving that bedbugs can transmit 
the disease, but we have shown that this is a possibility when dealing with man, 
obviously more susceptible to the disease than any of our experimental animals. 
The ease with which Rickettsiae seem to survive in the bedbugs suggests the desir- 
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ability of investigating other common insects for a similar capacity of harboring 
the typhus Rickettsiae—experiments which we have not yet had the time to 
carry out. 


AvuTHORS’ SUMMARIES. 


STUDIES ON THE CoMMON CoLp. A. R. Docuez, G. S. Suisiey and K. C. 
Mitts, J. Exper. Med. 52:701, 1930. 


Chimpanzees are highly suitable animals for the experimental study of human 
upper respiratory infections. Human colds have been successfully transmitted to 
apes and human volunteers in 44 per cent of instances tried by means of filtered 
nasal washings obtained from colds. Certain types of infectious colds are caused 


by a filtrable agent. Auenses’ Sommany 


THE KILLING or Coton BaciLirt By X-RAys oF DIFFERENT WAVE-LENGTHS. 
Ratpw W. G. Wyckorr, J. Exper. Med. 52:769, 1930. 


X-ray beams of wave lengths lying in the range between 4A and 0.5A kill 
B. coli in a semilogarithmically linear fashion. Interpreted in terms of the known 
quantized absorption of x-rays, this means that one absorption of any of these 
radiations is sufficient to kill. Though death results from a single absorption, 
only about one hit in four with Ag K and one in sixty with Ag L radiation is 
deadly. The course of curves constructed from these experimental results suggests 
that the portion of this bacterium which is essential to its continued life has a 
total of approximately 0.01 of the cell volume. For copper and harder radiations 
the biologic action of the rays is proportional to their measured ionization f air. 
The same biologic change with the softer chromium K and silver L x-rays seems 


to require a somewhat more intensely ionizing beam. Amemaata Seneuany 


THE PRopuUCTION OF S FROM R FORMS OF B, DYSENTERIAE, SONNE. S. A. 
Koser and N. C. Styron, J. Infect. Dis. 47:443, 1930. 


Smooth forms could be produced from rough forms fairly regularly by suc- 
cessive transfers in dextrose broth at 37 C. made daily or twice daily. In some 
cases, the reversion appeared to be complete, and the R forms totally disappeared. 
Daily transfers of the R form on nutrient agar slants at 37 C. resulted in a slower 
appearance of S colonies. The R type never completely disappeared in this series 
of tests. R cultures held on agar slants at room temperature were much more 
stable. The S-like cultures derived from R forms showed some tendency to 
spontaneous clumping in 0.85 per cent salt solution. However, in all other 
respects studied, their deportment resembled very closely that of the parent S 


strain from which they had been originally obtained. Avurmoas’ Suwuany, 


DIssOcIATION OF B. DYSENTERIAE, SONNE, AS INFLUENCED BY VARIATIONS IN 
CuLtturE Mepium. S. A. Koser and N. C. Styron, J. Infect. Dis. 47: 
453, 1930. 


Smocth forms of three strains of B. dysenteriae, Sonne, were inoculated ‘into 
various liquid mediums. The cultures were aged at 37 C. for several months and 
were plated at intervals on nutrient agar. Variants (intermediate I, rough R 
and others) appeared with irregularity even in repeated tests with the same strains 
and conditions. Five and 10 per cent solutions of peptone (Bacto) were most 
effective in producing colony variation. Higher and lower percentages produced 
little change. While nutrient broth showed some variation in colony form, the 
changes were not as pronounced as in the 5 per cent peptone. The sediment was 
found to contain more I and R colonies than the whole cultures. A variation in 
dissociative stimulus was found in seven brands of commercial peptone tested. 
The neutral or alkaline solutions of peptone caused a greater dissociative change 
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than acid solutions. Cultures in a 3 per cent meat extract showed colony changes 
while those in 0.3 and 1 per cent did not. Cultures in 5 per cent bile showed 
little colony variation. Ten per cent homologous serum had no effect on the 
S to R change. Aging of S cultures never yielded 100 per cent R type growth. 
Intermediate and S forms were always present in small numbers. The appearance 
of I and R types in a culture was often followed by an apparent reversion toward 
the smooth after prolonged incubation. Morphologically, the R and S were 
alike. A small variant, not S, R or I, found occasionally was composed of long 
filamentous forms. Fermentation reactions showed no distinction between the types 
and little difference in virulence was found. The R form differed in colony appear- 
ance, granular growth in broth and spontaneous agglutination in 0.85 per cent salt 


solution. Epna DELVEs. 


A Typuus Virus FROM FLEAS ON WILD Rats. R. E. Dyer, A. RUMREICH 
and L. F. BapGcer, Pub. Health Rep. 46:334, 1931. 


Inoculation into guinea-pigs of fleas removed from rats that had been trapped 
at a typhus focus resulted in the establishment of a strain of virus that produced 
a typhus-like reaction in guinea-pigs. Monkeys and rabbits developed agglutinins 
for B. proteus Xw (type O) following inoculation’ with this strain of virus. 
Guinea-pigs that had recovered from an attack of endemic typhus produced by 
the Wilmington strain of virus were apparently immune to a subsequent inoculation 


with the strain of virus recovered from the fleas. Auemnad Sounsiiiy 


Enzootic EXPERIMENTAL ENCEPHALOMYELITIS (BORNA’s’ DISEASE). S. 
Nicovavu and I. A. Gattoway, Ann. de I’Inst. Pasteur 45:457, 1930. 


Macacus rhesus, inoculated subdurally, dies in a regular period, although initial 
symptoms vary in the time of their appearance. Chickens and cats are refractory. 
Cerebral injection of guinea-pigs is followed by death more than a year later. 
The virus may survive up to 158 days in the brain of the dog, without symptoms. 
Rabbits may be infected intramuscularly and perhaps by contact; infection by 
way of the intestines is exceptional, and by way of the popliteal or inguinal 
lymph nodes does not occur. In the rabbit, “autosterilizing nerve infections” 
are encountered, generally ending in immunity, less often in death. This may be 
- only apparent; in other neurotropic viruses there may be a dissimulation of the 
virus by coexistant antibodies, thus rendering demonstration of the virus difficult. 
Joest-Degen inclusion bodies are frequently noted in autosterilized nerve tissue in 
fatal or nonfatal cases, often apparently being resorbed. In the brain of rabbits 
in fatal cases, the microglia play a rdéle in the lesions as shown by hypertrophy, 
hyperplasia, mobilization and metamorphosis. Modifications of the mesoglia are 
more intense than in other neurotropic virus infections, the period of infection 
being longer. Immunization with fresh virus is difficult. Formaldehyzed virus 
in the muscles or brain immunizes irregularly. A firm immunity follows the 
intramuscular injection of 1 cc. of phenolized glycerin suspension held at 26 C. 
for seven to nine days. Virucidal antibodies were noted in the brain and supra- 
renal capsules of immunized rabbits, but not in the serum. Complement-fixing 
antibodies could be demonstrated in the brain, suprarenal capsule, testicles, ovaries 
and liver. Reactions in a lesser degree are also given by herpes, rabies and other 
antigens. Equine, bovine and ovine strains of virus are considered identical on 
immunologic grounds. No cross-immunity exists between Borna’s disease and 


poliomyelitis. From THE AuTHORS’ CONCLUSIONS. 


HEMORRHAGIC LESIONS PRODUCED BY CLOSTRIDIUM WELCHII. M. WEINBERG 
and N. Comsiesco, Ann. de I’'Inst. Pasteur 45:547, 1930. 


In an article of thirty-four pages, including complete protocols of guinea-pig 
experiments and illustrations of sections, the authors present conclusions of which 
the following is a summary: Some lesions are due to a hemolysin, some to a 
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nonhemolytic toxin and others due to a disturbance of pressure in the vascular 
system, either healthy or attacked by the necrotizing toxin of this organism. The 
hemolysin provokes a violent hemoglobinuria. The course of the pigment is traced. 
Hemoglobinuria is usually followed by hematuria. Renal tissue contains numerous 
hemorrhagic foci. To the hemolytic toxin is ascribed the red tint of the gelatinous 
edema found in guinea-pigs, as well as in other cellular tissue. In the kidney and 
liver are found necrotic lesions caused by the nonhemolytic toxin of C. welchit. 
Fatty degeneration of the liver may be produced. Hemorrhagic and necrotic 
lesions are not encountered. The quantity of toxin plays an important rdle. The 
cellular resistance thus results in these variations. Histologic study indicates 
that there is not always a parallel between intensity of congestion of organs and 
their pigmentation, in accord with the hypothesis that two toxins exist, one active 
on blood vessels, one on erythrocytes. Not only hemoglobinuria and hematuria, 
but hemoptysis, gastro-intestinal hemorrhages and uterine hemorrhages described 
in patients should be ascribed to the action of the toxin of C. welchii. 


M. S. MARSHALL. 


ABSORPTION PER OS OF NONPATHOGENIC AciIp-FAst ORGANISMS. P. NELIs, 
Ann. de I’Inst. Pasteur 45:581, 1930. 


Absorption of nonpathogenic acid-fast bacilli, of the grass bacillus group, via 
the gastro-intestinal mucosa in the guinea-pig and adult rabbit is not intense and 
is irregularly effected. On the other hand, in the guinea-pig and the new-born 
rabbit, this absorption is more rapid, more constant and in greater degree. 


AvuTHOR’s CONCLUSIONS. 


New RESEARCHES ON THE ETIOLOGY OF TRACHOMA. U. LumBRoso, Arch. Inst. 
Pasteur de Tunis 19:280, 1930. 


Lumbroso succeeded in isolating an organism similar to Bacterium granulosis 
in five of seven untréated, early cases of trachoma. He made injections of a 
mixture of the five cultures into the conjunctivae of three monkeys (all he could 
find without natural granulations) : a callithrix, a patas (both of which are known 
to be insusceptible) and an Algerian magot (which is highly susceptible). The 
last named developed generalized lesions over the whole conjunctiva, and at the 
time of writing these were still persisting (four months), having diminished but 
slightly in size and number. The conjunctiva was slightly hyperemic and 
edematous. The author’s impression is rather favorable, but the single result 
does not permit him to speak categorically. 

Lumbroso suggests that some of the inoculations adjudged by Noguchi to be 
positive were really manifestations of spontaneous granular conjunctivitis. He 
refers particularly to the experiments on Macacus rhesus. According to Noguchi’s 
protocols, the lesions observed on a number of these monkeys were not character- 
istic, since they were for the most part too transient: the duration in most cases 
was not more than three or four months. True trachomatous lesions last quite 
a long time. 

In order to demonstrate the trachomatous nature of these lesions, Noguchi 
brings to his support a comparison of the histologic lesions seen in the human 
conjunctiva after natural trachomatous infection, and experimental lesions, obtained 
by the injection of Bact. granulosis. The study of these lesions having shown 
him a similar histology, he concludes that Bact. granulosis is the etiologic agent 
of trachoma. This conclusion is not warranted, since “from the histologic and 
cytologic points of view one does not see in the beginning of the infection any 
characteristic that would permit of a differentiation between the follicles of 
trachomatous granulations and those of other analogous lesions. The situation 
is quite different in the advanced stage, when degeneration of the follicles has 


taken place and cicatricial tissue begins to appear. Cusntus Were. 
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EXPERIMENTAL POLIOMYELITIS FROM INOCULATION INTO THE ScIATIC NERVE. 
E. Weston Hurst, J. Path. & Bact. 33:1133, 1930. 


The course of poliomyelitis following intrasciatic inoculation is described. The 
order of appearance of virus and lesions in the various regions of the central 
nervous system accords with the view already expressed that the axons are the 
main transmitting structures in the disease. The cerebrospinal fluid plays a sub- 
sidiary part in the dissemination of the virus, which may on occasion be detected 


in the fluid. AuTHoR’s SUMMARY. 


Types OF TUBERCLE BACILLI IN THE Sputum. A. S. Grirritn, J. Path. & Bact. 
33:1145, 1930. 


In the examination of the sputum in 926 cases of phthisis pulmonalis in foreign 
countries none has been found due to the bovine tubercle bacilli; in England, 3 of 
327 patients have been found to be expectorating bovine tubercle bacilli; in Scot- 
land, 18 cases in 468 patients have been reported. In one case the bovine organisms 
were mixed with human tubercle bacilli, but the remainder gave pure cultures of 
bovine tubercle bacilli. Ih the majority of bovine cases, the histories indicated 
that the tubercle bacilli entered the body through the alimentary tract. Two 
autopsies showed cavities in the lungs from which pure cultures of bovine tubercle 
bacilli were obtained. In 4 of 6 autopsies the anatomic observations indicated the 
alimentary tract as the portal of entry. In the remaining 2 cases the evidence 
was inconclusive, but favored the alimentary tract rather than the respiratory 
tract. Investigations have shown that ulcerative pulmonary tuberculosis in man 
may be caused by bovine tubercle bacilli which invade the body through the 
alimentary tract. In none of the cases was there a family history of tuberculosis 
and no evidence that the infection was directly from a previous case of phthisis. 
No evidence has been obtained of the occurrence of pulmonary tuberculosis in any 
of the contacts of bovine cases, but instances of fatal generalized tuberculosis in 
children in whom the portal of entry was the respiratory tract are given. 


E. DELVEs. 


ON THE PATHOGENICITY OF THE BACILLUS CALMETTE-GUERIN. Moti MAL- 
KANI, Tubercle 11:433, 1930. 


Although much attenuated, BCG still shows virulence. It produces specific 
tuberculous lesions when inoculated into guinea-pigs and rabbits, and, depending 
on the degree of resistance it meets within the animal organism, it either disap- 
pears from the system or leads to a process which, in some cases, terminates fatally. 


H. J. Corper. 


EFFECT OF CALCIUM ON ANTHRAX CuLTuRES. J. Borpet and E. Renaux, Ann. 
de I’Inst. Pasteur 45:1, 1930. 


Dissociated S and R types of anthrax cultures, sporogenous or asporogenous, 
or mixtures, occurred frequently on ordinary agar mediums. After serial transfer, 
a marked difference was secured in oxalate (sodium) medium (almost wholly 
spores) and on calcium (chloride) medium (persistent, vegetative,- filamentous 
stage). The variants in oxalate medium the authors subdivide into types A (and 
AA) and B. Colonies of type A are more numerous; they are flat, dull and 
rough, frostlike on transmitted light, and tend to develop with the formation of a 
fine ring. Colonies of type B are less numerous, whiter, a little more convex, 
smoother and less granular. The formation of spores is more marked in type A. 
Differences in morphology, viscosity and virulence were noted. Eleven figures in 


color illustrate the morphologic variation. at S BMamemats. 
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BroLoGic STUDIES ON THE TUBERCLE BaciLtus. S. A. PetTRorF, W. STEEKEN, 
Jr., and E, A. ScHNIEDER, Beitr. z. Klin. d. Tuberk. 74:499, 1930. 


The work on dissociation of tubercle bacilli is reported in detail. It is essentially 
the same work that has been reported in various American publications. So far, 
definite dissociates, varying considerably in morphology and virulence, have been 
obtained from bovine and avian bacilli and from the Calmette-Guérin bacilli. 
The work on the dissociation of the human type is still incomplete. 


Max PINNER., 


FILTRABLE FORM OF THE TUBERCULOSIS ViRUs. O. KIRCHNER, Beitr. z. Klin. 
d. Tuberk. 74:521, 1930. 


Filtrates were made of pure cultures of tubercle bacilli and of tubercle bacilli 
grown in symbiosis with other organisms. In no case was it possible to demon- 
strate by cultural methods or by inoculation in animals the presence of filtrable 
forms. Only one experiment seemed to yield a positive result in an animal, but 


the interpretation of this result is uncertain. Max Piswer 


THE FINDING OF SPIROCHETES IN SypHILitic Mesaoritis. W. Busz, Frank- 

furt. Ztschr. f. Path. 40:139, 1930. 

The author describes two cases of syphilitic mesaortitis. A man, aged 29, never 
gave a history of syphilis and was never treated for syphilis. The autopsy revealed 
syphilitic mesaortitis. A marked chronic defensive reaction was noted throughout 
the adventitia of the aorta, in addition to an acute inflammatory process. By 
using the Jahnel stain, many spirochetes could be demonstrated in one circum- 
scribed area of the media. A woman, aged 40, gave a history of syphilis for 
which she was not treated over a period of thirteen years. In the year preceding 
death, she had received eight injections of arsphenamine. The injections were 
interrupted after jaundice developed. The aorta showed deep scars, but hardly 
any acute reaction in the aortic wall. No typical spirochetes were demonstrable. 

The author believes that the spirochetes are carried through the body by 
means of lymph vessels. In most of the organs, the spirochetes are overpowered 
by immune bodies. In the brain, spinal cord and media of the aorta, the spiro- 
chetes can live for a long period, because these organs are characterized by a slow 
metabolic rate and are poor in immune bodies. The opinion is expressed that the 
anatomic process in the aorta might progress even after the spirochetes have 
disappeared from the aortic wall. O. SAPHIR. 


Tue Etro_ocy oF FoLiicutar Conjunctivitis. K. LINDER and RIEGER, 
Klin. Monatsbl. f. Augenh. 85:96, 1930. 


Of two attempts at transmission of human folliculosis to Macacus rhesus, one 
vielded positive results. In two of four cases of .folliculosis, a germ was isolated, 
which showed a strong resemblance to Noguchi’s Bacillus granulosis. The first 
strain unfortunately died, and an inoculation into a macaque resulted negatively. 
The second strain, which could be kept alive only with the greatest difficulty, 
likewise gave negative results when inoculated into a macaque. But when it was 
inoculated into the conjunctivae of Dr. Lindner, there was observed, after an 
incubation period of about three weeks, the beginning of follicular changes in 
the conjunctiva, without remarkable inflammation. Two and one-half months 


later these lesions had almost disappeared. Cuantze Weise. 


STuDIES IN CELLULAR CHANGES. Horatio Gowpre, Ztschr. f. d. ges. exper. 
Med. 72:598, 1930. 
The leukocytes of sterile pus are characterized by accelerated oxidation and 
swelling, leading to cellular autolysis. Failure of resorption causes the ferments 
in liquid pus to act on the cells. Addition of a catalyzer of oxidation—a small 
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amount of sterile pus—to normal bacterial colonies causes metabolic changes that 
are identical with the manifestations of the action of bacteriophage. 


PEARL ZEEK. 


EFFECT OF TUBERCULOSIS ON SUBSEQUENT INFECTIONS. T. HrrayAma, Ztschr. 
f. Immunitatsforsch. u. exper. Therap. 68:218 and 230, 1930. 


Tuberculous guinea-pigs and mice are more resistant to streptococci and to 
anthrax bacilli, than normal control animals. 


THE VIRULENCE OF THE SALIVA IN Hypropnosra. H. PALAWANDOW and 


A. I. SEREBRENNAJA, Ztschr. f. Immunititsforsch. u. exper. Therap. 68:236, 
1930. 


The virus of hydrophobia is present in the saliva in cases of the disease in man. 


CULTURES OF SPIROCHAETA PALLIDA IN FLurp Mepiums. F. Hoper, Ztschr. 
f. Immunitatsforsch. u. exper. Therap. 68:256, 1930. 


In a medium composed of rabbit serum broth and rabbit liver Spirochaeta 
pallida remained alive for several weeks. It is urged that probably contamination 


at the time of inoculation is the most important cause for failure in cultivating 
the spirochete. 


THE VIRULENCE OF TUBERCLE BACILLI IN TUBERCULOSIS IN MAN AND ANI- 
MALS. B. LANGE, Ztschr. f. Tuberk. 57:129, 209, 1930. 


The virulence of tubercle bacilli can be tested by intracutaneous injection of 
minimal amounts of tubercle bacilli into guinea-pigs of equal body weight, with 
simultaneous control of the number of bacilli by cultural methods. Strains of 
low virulence demonstrate a long incubation period, a delayed appearance of the 
primary lesion in the skin and less advanced lesions in the internal organs after 
a period of three months. The virulence of bovine bacilli is parallel in mice, 
rabbits, cattle and sheep. Tubercle bacilli from human lesions show marked differ- 
ences in virulence. There does not seem to exist any parallelism between the | 
virulence of a strain and the clinical severity of the case from which it is isolated. 


Max PINNER. 


THE FILTRABLE FORM OF THE TUBERCLE BaciL_us. J. Orskov and K. A. 
JENSEN, Ztschr. f. Tuberk. 57:398, 1930. 


Seventy guinea-pigs were given injections of the filtrates from forty-eight 
different specimens of tuberculous material. In none of these experiments was 
it possible to demonstrate a filtrable virus. In one guinea-pig typical generalized 


tuberculosis developed. i Max PINNER. 


BACTERICIDAL ACTION OF IODIPIN ON TUBERCLE BACILLI AND OTHER Bac- 
TERIA. T. H. Anako, Ztschr. f. Tuberk. 58:178, 1930. 


Iodized sesame oil (20 per cent) has no demonstrable bactericidal action on 
tubercle bacilli. Pyogenic and intestinal organisms are killed by iodized oil only 
after several hours. Max Pinner. 


Nonacip-Fast Forms oF TuBERCLE Baciiur. E. A. SCHNIEDER, Ztschr. f. 
Tuberk. 58:247, 1930. 


Suspensions of tubercle bacilli were filtered and seeded on Petroff’s medium. 
In 15 of 368 seedings, colonies of nonacid-fast forms were observed. With increas- 
ing age, few acid-fast granules and acid-fast rods were found in these colonies, 


Max PINNER. 
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FILTRABLE MICROBE IN THE BLOOD IN PERNICIOUS ANEMIA. AXEL HOLsT, 
Norsk mag. f. legevidensk. 92:1, 1931. 


In the blood of patients suffering from pernicious anemia according to the 
clinical diagnosis, Holst finds an extremely minute, filtrable microbe that in solu- 
tions of hemoglobin causes destruction of the hemoglobin. Animal experiments 
of a preliminary nature have not given rise to any disease. 


Immunology 


IMMUNITY IN EXPERIMENTAL Coccrprosis OF RABBITS. GEORGE W. BACHMAN, 
Am. J. Hyg. 12:641, 1930. 


A study was made of fifty-seven rabbits from a colony shown to be free from 
the common parasites with the exception of the intestinal coccidia Eimeria 
perforans. Rabbits from 4 months to 4 years of age that had lived in this colony 
and had had previous infections with Eimeria perforans were immune to experi- 
mental infection with the same organism. Rabbits of the same colony that were 
immune to infection with Eimeria perforans were not resistant to infection with 
Eimeria stiedae, independent of age. The attempts at active and passive immuniza- 
tion failed to protect rabbits against infection with Eimeria perforans. 


AUTHOR’S SUMMARY. 


PRECIPITIN AND COMPLEMENT-FIXATION TESTS ON DoG SERA WITH ANTIGEN 
FROM THE DoG Hookworm, ANCYLOSTOMA CANINUM. JOHN E, STUMBERG, 
Am. J. Hyg. 12:657, 1930. 


Dried filariform larvae and adults of the dog hookworm, Ancylostoma caninum, 
extracted with acid and alkaline saline solutions, were found to be highly antigenic 
when injected intravenously into rabbits; alkaline saline extracts were preferable 
to acid. Slight differences between larval and adult antigens were found — mainly 
the production of a higher titer by the adult extracts — but the two could hardly 
be considered serologically distinct. The antibodies produced in immunized rabbits 
were species specific in dilutions of 1: 4,000 or over, and group specific in dilu- 
tions from 1: 1,000 to 1: 4,000. Nonspecific reactions were obtained with antigens 
prepared from other intestinal helminths, but never in dilutions above 1: 1,000 
and usually only of 1:100. No evidence could be found that the antigenic action 
was due to contaminating bacteria. The serum of dogs showed a nonspecific 
complement-fixation titer with these antigens as high as 1: 500, and this reaction 
was not destroyed by heating to 62 C. for one-half hour. Dogs given parenteral 
injections of larval and adult antigens failed to show any precipitins in the serums 
or any complement-fixation in excess of the nonspecific level. Dogs experimentally 
infested with hookworms, either by a single infection or after several infections, 
failed to show antibodies in their serums up to seven weeks after infestation. 


AUTHOR'S SUMMARY. 


IMMUNITY AND THE MECHANISM OF SPLENIC CONTROL IN BARTONELLA ANEMIA 
oF Rats. WILtiaAm W. Forp and Carista P. Ertot, Am. J. Hyg. 12:669, 
1930. 


The normal unsplenectomized rat exhibits a natural resistance to anemia caused 
by Bartonella unrelated to previous contact with the virus. This resistance is 
broken down as soon as the spleen is removed. Attempts to demonstrate a pro- 
tective substance in the blood or tissues of normal or of recovered rats have so 
far proved unsuccessful. It may be suggested that the spleen, by the structural 
position of its cells, acts as a filter in which the bartonellas are taken out of the 
circulation and destroyed or inhibited. It may also be indicated that the classifica- 
tion of Bartonella muris among pathogenic parasites has never been definitely 
worked out. Is it possible that they represent some peculiar type of organism 
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which finds a favorable location in the spleen for its usual development? When 
this is removed they may enter on a vegetative phase on the red cells which 
results in a destruction of these cells and the eventual disappearance of the virus. 


AvuTHOoRS’ SUMMARY. 


An EXPLANATION OF THE MECHANISM OF THE WASSERMANN AND PRECIPITA- 
TION TEST FOR SYPHILIS. Harry Eacve, Bull. Johns Hopkins Hosp. 47: 
292, 1930. 

There is not merely a superficial similarity between the flocculation reaction 
for syphilis and bacterial agglutination by an antiserum, or between the Bordet- 
Gengou phenomenon (specific complement-fixation) and the Wassermann reaction. 
The analogy extends to the basic mechanisms of the reactions. Reagin, an altered 
globulin in syphilitic serum, combines with the colloidal particles of beef heart 
lipoid (“antigen”). The surface film of protein thus formed sensitizes the par- 
ticles to flocculation by electrolyte (Sachs-Georgi, Kahn and others) and also 
adsorbs complement (Wassermann). Antibody-globulin affects bacteria, red cells 
or foreign protein in exactly the same manner. The serum change characteristic of 
syphilis may therefore well represent an antibody response to products of infec- 
tion. As will be shown, the fact that lipoids of normal tissue can be used instead 
of spirochetes as the antigen in the test tube reaction does not exclude this 


ssibility. 
possibility AuTHOR’S SUMMARY. 


PHENOMENA OF LocaL SKIN Reactivity. G. SHWARTZMAN, J. Exper. Med. 
52:5, 781, 1930. 


The effect of bacterial variation on the local skin reactivity to bacterial filtrates 
is reported. Stock strains of B. typhosus were found to have reacting factors 
which differed in their neutralizability by antistock serum. A rough variant of 
the stock strain showed reacting factors of new specificity. Reacting factors of 
various degrees of neutralizability, with one exception, were produced by strains 
showing no difference in the appearance of the colony. A parallelism between 
the degree of agglutinability and the degree of neutralizability was found. Pre- 
cipitation occurred in mixtures of toxic filtrates and immune serum despite low 
neutralization. Rough filtrates, nonneutralizable by antistock serum, failed to 
precipitate the latter, but as neutralizing, antirough antibodies appeared, antirough 
precipitates developed. The rough strains were less virulent than the stock strains. 
The filtrates containing rough reacting factors seemed as lethal to mice and 
rabbits as the filtrates of stock B. typhosus. Rona: Dervis 


STUDIES IN THE SEROLOGY OF SypHIis. -Harry Eacre, J. Exper. Med. 52: 


717, 739 and 747, 1930. 


Lipoid antigen, when colloidally dispersed in water, forms a relatively stable 
amphoteric suspension with predominantly hydrophil properties. The protein of 
normal serum is strongly adsorbed by the lipoid antigen forming a protective 
film of hydrophil protein around the constituent particles and adding to their 
stability away from their iso-electric point. Syphilitic serum is more or less 
irreversibly adsorbed by the lipoid antigen and is not removed by washing. The 
precipitate in the flocculation test consists of from 80 to 90 per cent of the anti- 
genic lipoid plus some specific component of syphilitic serum with which it has 
combined. In every positive Wassermann reaction there is a microscopic aggre- 
gation of lipoid particles inte aggregates. The substance in syphilitic serum 
responsible for the positive Wassermann reaction, like that which causes positive 
reactions in flocculation tests, is associated with the globulin factor of the serum. 
Excess of antigen removes both flocculating and complement-fixing substances 
completely. The same film of denatured serum globulin that sensitizes the antigen 
particles also endows them with avidity for complement. Beef heart lipoid antigen 
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can be substituted for any similarly acting substance, as the peptizing agent. 
Antigen causes the colloidal dispersion of cholesterol by forming a protective film 
around minute aggregates of cholesterol before they exceed the limits of colloidal 
stability. The sensitizing effect of cholesterol on the Wassermann antigen is due 
solely to its effect on the size of the particle. The coarse dispersion of antigen 
caused by cholesterol facilitates subsequent aggregation. Wises 


THE AGGLUTINATION TEST FOR BrucELLA Aportus. B. S. HENry and J. 
Traum, J. Infect. Dis. 47:367, 1930. 


In the tube method of testing, formaldehydized antigen has a tendency to 
intensify or cause proagglutination with human, bovine and porcine serums to 
such an extent that occasionally strongly positive serums might be missed in 
routine mass testing. In the same serums tested with phenolized or tricresolized 
antigen, the interference is absent or reduced to such a point that it is not mis- 
leading. Incubation over night at about 37 C. and then for twenty-four hours at 
room temperature gives better results than other methods of holding described in 
this paper. Variations in the opacity of the antigen within fairly wide limits 
have no great influence on the correct interpretation of results. A rapid and 
satisfactory method of reading tests, based on the clearing of the fluid and the 
manner of the distribution of the agglutinated and nonagglutinated bacteria at 


the bottom of the tube, is presented. hunentien Sehemeny 


PROPERTIES OF METHYLIC TUBERCULOUS ANTIGEN. L. NEGRE and A. BoQueTt, 
Ann. de I’Inst. Pasteur 45:415, 1930. 


The efficacy of this antigen, considered in a previous paper (Antigénothérapie 
de la tuberculose par les extraits méthyliques de bacilles de Koch, Paris, Masson 
& Cie, 1927), is further studied, with some observations on the mechanism of its 
action. Experimental tuberculosis responds favorably to subcutaneous injections 
if they are not given too close together and are not repeated oftener than twice 
a week. Acetone serves best as a solvent for the waxy substances of the organisms 
that serve in the preparation of the antigen. The methylic antigen combats 
intoxication in the rabbit following the injection of either dead bacilli or of 
acetone extracts. The general state of the tuberculous patient is thus improved 
by an antitoxic action of the lipoids of the bacilli in the antigen. The lymphocyte : 
monocyte ratio is increased. Massive doses of methylic and ether extracts of 
organisms treated with acetone, given intravenously or subcutaneously, circum- 
scribe and retard the evolution of the tuberculous process. Acetone extracts cause 
the reverse. An intense sclerosis of pulmonary lesions is noted in certain cases. 
A particularly favorable action is apparent in tuberculosis of the ganglions, joints, 
peritoneum, pleura, eyes and genitalia. In cutaneous tuberculosis, the extracts 
act on the gum tissue, the ulcerative and vegetating lesions.and the papulonecrotic 
tuberculids. Great service may also be rendered in renal tuberculosis and in 
pulmonary types in the early and torpid forms, ulcerocaseous and fibrocaseous. 


M. S. MARSHALL. 


BCG From LympuHatic GANGLIONS OF VACCINATED GurINEA-Pics. _ E. 
PIAZECKA-ZEYLAND, Ann. de I’Inst. Pasteur 48:439, 1930. 


Guinea-pigs were vaccinated with BCG by mouth. In young animals, more 
surely than in adults, the BCG passed the intestinal mucosa and was recovered 
from the lymphatic ganglions by culture quite regularly between the‘second and 
fourth weeks following ingestion of the vaccine, and irregularly up to the tenth 
week. Although a positive tuberculin test was noted, organisms were not recovered 
after this time. M. S. MARSHALL. 
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ON THE ADAPTATION OF SPIROCHAETA PALLIDA TO THE BRAIN. F, GEORGI 
and C. Prausnitz, Arch. f. Hyg. 103:173, 1930. 


Altered antigenicity: of Spirochaeta pallida grown under different cultural con- 
ditions is shown. Stock cultures were grown on ascites agar plus rabbit kidney. 
Distinct morphologic changes were noted when the cultures were transferred to 
ascites agar to which rabbit brain had been added. When animals or patients 
were immunized with altered strains that had been killed by heat or alcohol, the 
antiserums were found to be strain specific by the complement-fixation test. 
Pseudospecificity was ruled out by control tests. When transferred to brain-free 
medium, this neurotropism was lost. It was regained in brain medium, however, 
the change being readily reversible. Epna Detves. 


CGMPLEMENT-FIXATION WITH ALCOHOLIC ExTRACTS OF MENINGOCOccCI. H. 
Sacus, Ztschr. f. Immunitatsforsch. u. exper. Therap. 69:221, 1930. 


By washing meningococcus cultures with 80 per cent alcohol, an extract was 
obtained that fixed the complement in conjunction with antimeningococcus serum. 
This result is interpreted as indicating that the serum contained “lipoid antibodies.” 


COMPLEMENT FIXATION AND PRECIPITATION BY ANTIDIPHTHERIA SERUM. F. 
HOr1nG, Ztschr. f. Immunitatsforsch. u. exper. Therap. 69:244, 1930. 


Alcoholic extracts of diphtheria bacilli and diphtheria toxin fixed the comple- 
ment in conjunction with antidiphtheria serum. However, not every serum may 
be active, even if rich in antitoxin. The complement-fixing property may be 
removed by treating serum with diphtheria bacilli. 


ACTIVATION OF Liporp ANTIGENS BY CHOLESTERIN. G. F. GAETANI, Ztschr. f. 
Immunitatsforsch. u. exper. Therap. 69:277, 1930. 


Heterogenetic organ extracts, containing small amounts of lipoids, may acquire 
the function of heterogenetic antigens in complement-fixation and precipitation by 
the addition of cholesterin. This effect seems to be due to physiochemical action 
on the antigen. 


CHEMICAL INTERPRETATION OF IMMUNE HEmorysis. L. JARNO and L. SurANyI, 
Ztschr. f. Immunitatsforsch. u. exper. Therap. 69:298, 1930. 


Both normal and immune amboceptors consist partly of complex amino-acid 
groups and partly of cholic acid compounds. 


Tumors 


A PRIMARY MALIGNANT TUMOR OF THE SOLAR Piexus. F. C. Hetwie, G. H. 
Hoxie and E. L. Miriier, Arch. Neurol. & Psychiat. 25:162, 1931. 


The patient, a woman, aged 60, had had pain in the right lower quadrant of 
the abdomen for about four months, with loss of weight. An exploratory laparo- 
tomy revealed a sarcomatous tumor in the retroperitoneum to the right and above 
the head of the pancreas. The tumor was left untouched. Death followed ten 
days later. Necropsy revealed an encapsulated tumor, 6 cm. in diameter, that 
apparently originated in the plexuses composing the solar group. It partly sur- 
rounded the aorta and extended 3 cm. below the bifurcation of the renal arteries. 
The adjacent lymph glands were not involved. The tumor contained large areas 
of necrosis and consisted mainly of round and spindle-shaped cells among which 
small nerve fibers were seen. No definite ganglion cells were seen. Various 
staining methods were used in apparently unsuccessful attempts properly to 
classify the tumor which was finally diagnosed as a neurosarcoma. 


GEorRGE B. HAssIn. 
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ORIGIN AND DEVELOPMENT OF GIANT CELLS IN GLIOMAS. BERNARD J. ALPERS, 
Arch. Neurol. & Psychiat. 25:281, 1931. 


In spite of the progress made in the study of gliomas by application of the 
methods of the Spanish school, the significance of certain types of cell groups in 
gliomas is still obscure, i. e., in gliomas in which giant cells predominate and 
which are often classified as spongioblastomas. Giant cells also occur in astro- 
blastomas and astrocytomas. All of these types of tumors have been studied by 
Alpers. He gives a detailed description of a spongioblastoma in which the giant 
cells were especially numerous and situated in the frontal lobe, extending into 
the corpus callosum. The callosal portion was rich in astroblasts and astrocytes. 
There were few giant cells in this portion, but they were numerous in the cortex, 
where they were scattered among smaller, also multinuclear, cells, mostly around 
blood vessels. Morphologically, some of the cells were young spongiobasts some 
of which differentiated into early astroblasts. In addition, there were large astro- 
cytes, often true monster cells. The tumor contained numerous nerve fibers, some 
of which were relatively intact. Neuroglia fibers were also abundant in the astro- 
blastic and astrocytic portions of the tumor. Alpers found the giant cells to 
arise from amitotic division of the nuclei of gliocytes that failed to become mature 
and were frustrated, as it were, in their attempt to divide normally. In some 
cases the amitotic division of the nucleus resulted in the formation of numerous 
nuclei, as many as twelve in some cells, and in the creation of bizarre form, such 


as rosets. GeorceE B. Hassin. 


GANGLIOGLIOMA. Cyrit B. Courvitie, Arch. Neurol. & Psychiat. 25:309, 
1931. 


In two cases of ganglioglioma, termed by some investigators ganglioneuroma 
or ganglionic glioma, reported by Courville (Arch. Neurol. & Psychiat. 24:439, 
1930), the tumors occurred in the floor of the third ventricle. The present case 
was that of a woman, aged 35, who died after an illness of about two months’ 
duration. A tumor 2.8 by 2.6 cm. was found in the right temporal lobe where it 
almost completely obliterated the inferior horn. It was sharply delimited from 
the tissue of the brain and was vascular at the margins. The cells varied in size 
and shape; their nuclei resembled those of ganglion cells and exhibited typical 
mitotic figures. Of great interest were the atypical, bizarre forms of cell divi- 
sion, such as constrictions of the nuclei, indentations and buddings. Some cells 
were identified as typical neuroblasts, others as glia cells. The walls of the blood 
vessels were hyperplastic. Grorce B. HASssIN. 


SKELETAL METASTASES FROM CARCINOMA OF THE Rectum. A. H. AUFSEs, 
Arch. Surg. 21:916, 1930. 


Observations on eight cases of metastasizing carcinoma of the rectum to the 
skeleton support von Recklinghausen’s theory that metastases to bones arte due 
to periaxial stagnation of tumor cells as they pass from the blood vessels outside 
the bony structure to the vascular bed within the bone, and are not due to pri- 
mary embolic blocking of the vascular channel in the bone by a mass of neoplastic 
cells. Blood vessels around the bone are of changeable size. Those within the 
bone are of fixed caliber. The blood is often carried from a narrow peripheral 
vessel into a wider channel within the bone marrow. The change in size in the 
vascular bed tends toward stagnation of embolic tumor cells and favors their 
multiplication. Metastases to the bones occur in order of frequency in the verte- 
brae, femur, pelvis, ribs, sternum, humerus, skull, tibia, radius and ulna. 


N. EnzeEr. 


PROBLEMS OF MELANOMA. J. Ewrne, Brit. M. J. 2:852, 1930. 


The author states that his object is to enumerate the problems of melanoma, 
not with the ambition of presenting a solution, but with the hope that a simple 


tT 
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statement of them may lead to a more definite effort toward a solution. He 
notes the fact that the discovery of the nerve origin of the nevus was made by 
Soldan in 1899, but remained practically unnoticed until rediscovered and elabo- 
rated by Masson in 1927. Whether the nevus cell is neuro-ectodermal or meso- 
blastic is uncertain. 

Cases are seen in which it seems almost certain that the chromatophores in 
nevi of the nerves develop from nevus cells. This would lend support to the 
view that the chromatophore is of nerve origin. However, once formed the 
chromatophore seems to enjoy an independent and separate existence. Whether 
there are other sources of chromatophores is uncertain, but improbable. The 
proof that the nevus cell is of nerve origin helps to confirm and explain many 
clinical and anatomic observations that relate melanoma to neurofibromatosis. 

The epithelial theory of the origin of chromatophores has lost support. . In 
the past, confusion has arisen in the fact that certain definitely epithelial tumors 
have been pigmented. In this case the author believes that the pigment is due 
to independent chromatophores accompanying the tumor cells, or to the assump- 
tion of the production of pigment by the epithelial cells themselves. 


Roy F. FEEMSTER. 


On THE POSSIBILITY OF TRANSMITTING MAMMALIAN NEOPLASMS WITHOUT 
THE INTERVENTION OF LivING CELLS. W. CRAMER, Ninth Sc. Rep. on 


Investigations of Imp. Cancer Research Fund, 1930, p. 22. 


The application of repeated freezing and thawing to transplantable tumors of 
the mouse and rat reveals a difference between carcinomas and sarcomas. The 
subcutaneous inoculation of frozen carcinoma cells is always negative, while that 
of frozen sarcoma cells may give rise to new tumors. Different sarcoma strains 
vary in the extent to which freezing affects their transmissibility. In two of 
the three strains examined it was rare to obtain tumors by the inoculation of 
frozen material. In the third tumor it was of frequent occurrence. There are 
further variations in this same sarcoma strain in the course of its propagation; 
at one time freezing may completely abolish the transmissibility, at another time 
100 per cent of positive results may be obtained by the inoculation of frozen 
material. Frozen sarcoma tissue, which on inoculation produces tumors in a 
high percentage, rapidly loses this power by incubation or by repeated washing 
with saline. It has not been possible to cultivate cells in vitro from material 
that has been subjected to repeated freezing and thawing. This is also true of 
normal cells, carcinoma cells and sarcoma cells. It is safe to conclude from the 
results that carcinoma cells are killed by repeated freezing, behaving in this respect 
like normal cells. It can also be concluded that the cells of different sarcoma 
strains show biologic differences when tested in this way, and that such differences 
are exhibited even by cells of the same sarcoma strain (37 S) when tested at differ- 
ent times. Whether these differences must be interpreted as variations in the 
resistance of the cells to death by freezing or as indicating the possibility of trans- 
mitting mammalian malignant neoplasms without the intervention of living cells 
cannot be decided conclusively on the basis of the evidence available at present. 
It is pointed out, however, that the experimental evidence of previous workers, 
so far as it is based almost entirely on negative results with cell-free material 
obtained from mammalian carcinoma cells, is not as conclusive for the absence 
of an agent separable from the living tumor cell as has hitherto been supposed. 


AvuTHOR’s SUMMARY. | 


ON THE TRANSMISSION OF THE Rous Sarcoma No. 1 oF THE FowL By FrRozEN 
MATERIAL. W. Cramer and L. Foutps, Ninth Sc. Rep. on Investigations 
of Imp. Cancer Research Fund, 1930, p. 33. 


The experiments present a complete series of phases in the life cycle of the 
Rous tumor no. 1. In one phase, which is most commonly seen, it is readily 
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transmissible without living cells and is therefore presumed to contain a highly 
virulent agent in a relatively high degree of concentration. In another phase it 
cannot be transmitted without living cells, even when loss of the agent by incom- 
plete extraction and retention by the filter candle is excluded by the device of 
using frozen material for inoculation. Therefore, in that phase the Rous sarcoma 
.no. 1 behaves like a mammalian neoplasm. The negative results obtained with 
the frozen material in that phase prove that the process of repeated freezing and 
thawing adopted in these experiments is capable of killing all of the sarcoma 
cells. Between these two extremes there are all degrees of transition represented 
by attenuation or diminished concentration of the agent. The observation that in 
these phases of transition inoculation of the frozen material gives better results 
than inoculation of the filtrate is an indication of the fact mentioned, that the 
preparation of a filtrate necessarily involves a loss of the “agent” partly by 
incomplete extraction and partly owing to a partial retention of the agent by the 
filter candle. The extent of this loss, as demonstrated by these experiments, is 
considerable, and is greater than is at present realized. This lends support to 
the view expressed in the preceding paper, that the failure to transmit a malig- 
nant new growth by a filtrable extract cannot be accepted as conclusive proof of 
the absence of an “agent.” Transmissibility by cell-free material, from whatever 
point of view it may be regarded, can no longer be considered a fundamental 
distinction between mammalian sarcomas and the so-called “filtrable”’ tumors of 
the fowl. The experimental results recorded in this and the preceding paper, 
therefore, tend to approximate the filtrable tumors of the fowl to the mammalian 
sarcoma. Even if one considers the actual results, without making any attempt 
to interpret them or to discuss their possible theoretical significance, a clear 
analogy is established between the mammalian sarcomas and the Rous tumor 
no. 1 of the fowl. With both groups the inoculation of frozen material gives at 
one time positive results; at another time negative results. The difference between 
these two groups of tumors is only one of degree: in the Rous sarcoma the posi- 
tive results are the rule, while negative results are rare; for mammalian sarcomas, 
the reverse is true. had “pe ; 
AUTHORS SUMMARY. 


TAR-CANCER INDUCTION IN MICE WITH SPONTANEOUS MALIGNANT NEW 
Growtus. J. A. Murray, Ninth Sc. Rep. on Investigations of Imp. Cancer 
Research Fund, 1930, p. 83. 


No clear evidence of resistance to the induction of cancer by tar was obtained 
in sixty-one mice with spontaneous mammary cancer and in two mice with pre- 
vious cancer caused by tar. No significant differences were noted, whether recur- 
rence took place or not. The result is provisionally attributed to the use of an 
active preparation in the testing course of tar painting, so that the differences 
between the three series of animals were obliterated. Suwmdute. Sensteany. 


NERVES AND CANCER. R. J. Luprorp, Ninth Sc. Rep. on Investigations of 
Imp. Cancer Research Fund, 1930, p. 99. 


Throughout this investigation no indication has been found of the existence of 
a specific innervation of cancerous growths. The occasional presence of nerves 
in cancer is due, either to the persistence of pre-existing nerves, or more usually 
to nerves becoming included within the cancer owing to the invasive character 
of its growth. Regeneration following injury to such nerves may give a false 


impression of actual innervation. It is concluded, therefore, that the growth of 


a malignant tumor is independent of any specific organization of nerves. 
AvuTHOR’S SUMMARY. 


| 
| 
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EXPERIMENTAL REPRODUCTION OF REcLUS’ DISEASE OF THE MAMMARY GLAND 
IN Mice. N. GOORMAGHTIGH and A. AMERLINCK, Bull. Assoc. frang. p. 
l'étude du cancer 19:527, 1930. 


The authors were able to reproduce a marked hyperplasia of the glandular 
structure of the breast in mice by daily injections of a lipoid-free folliculin. They 
affirm that this substance is largely responsible for the albuminous secretions that* 
characterize the early stages of the disease. The hormone of the corpus luteum 
is thus responsible for the hyperplastic aspect of the disease. The disease could 
not be reproduced in castrated mice or in those with hypoplastic ovaries deprived 
of the cycle and therefore of the periodic action of the corpus luteum. They 
believe that cystic degeneration of the breast results from the combined and 
alternating action of two ovarian hormones secreted in doses exceeding the normal 
during a disturbed ovarian cycle when the luteinic phase is prolonged. 


B. M. FRIED. 


METASTASIS OF Prostatic EpPITHELIOMA INTO A GIANT CELL SARCOMA OF 
THE MESENTERY. C. SIMARD and J. Saucier, Bull. Assoc. frang. p. l'étude 
du cancer 19:544, 1930. 


The authors report a case, and present two demonstrative plates. 
B. M. FRIeEp. 


SUBINGUAL MELANOMAS AND THEIR DIFFERENTIAL DraGnosis. F. E. ADAIR 
and G. T. Pack, Bull. Assoc. frang. p. l'étude du cancer 19:549, 1930. 


The bed of the nail is rarely the seat of a melanoma. The thumb and the 
toe are more frequently affected. As a rule, the tumor metastasizes, by way of the 
lymphatics. It grows more slowly and is relatively less malignant than the same 
type of tumor found in other organs. The differential diagnosis lies between 
panaritum, pyogenic granuloma, onychomycosis, syphilitic chancre, Dupuytren’s 
exotosis, subungual hematoma, fibroma, angiosarcoma and epithelioma. 


B. M. FRIED. 


PRIMARY CARCINOMA OF THE LIVER. Enrico PucciNeitt, Arch. ital. di anat. 
e istol. pat. 1:781, 1930. 


A case is described in a man, aged 53; the clinical diagnosis was sarcoma 
with multiple metastases. Postmortem examination showed a greatly enlarged 
liver covered with yellowish-green nodules. There were also a few nodules on 
the walls of the gallbladder. There were soft, yellowish swellings connected 
with the first and eighth ribs. Histologically, the nodules of the liver and of 
the bone were of identical structure, consisting of polygonal cells resembling 
those of the liver, arranged in trabeculae and tubules and containing pigment 
similar to biliary pigment. The author therefore believes that the case was one 
of primary carcinoma of the liver with metastases in the skeletal system. 


E. WEIss. 


HEALING OF CARCINOMATOUS METASTASES IN BONE. J. ERDHEIM, Virchows 
Arch, f. path. Anat. 275:383, 1930. 


The healing of carcinomatous metastases in bone, when associated with marked 
new formation of osseous tissue, was first thoroughly studied by von Reckling- 
hausen and has received attention from other pathologists since his time. The 
healing of osteoclastic metastases has, on the other hand, according to Erdheim, 
received scant attention. He cites several instances in which the bony union 
of a spontaneous fracture due to such a metastasis led the surgeon to conclude 
that the fracture could not have been due to metastasis, simply because union did 
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occur. Erdheim reports a detailed histologic study of the changes seen in a case 
of osteoclastic metastasis and presents an interpretation of the alterations noted. 
The patient was a woman, aged 74, who died of malignant bilateral papillary 
adenocystoma of the ovary, with multiple metastases in the heart, lungs, pancreas, 
sternum and vertebrae. Localization of the metastasis in the bone marrow led to 
disappearance of the marrow cells and to condensation of the reticulum of the 
marrow. The condensed reticulum became the stroma of the metastasis. Growth 
of the tumor led to widespread destruction and resorption of the spongy bone; 
destruction of bone was often associated with microfracture of the osseous 
trabeculae. Proliferation and fibrosis of the stroma of the tumor was followed 
by fatty change and necrosis of the tumor cells, apparently as the result of loss 
of blood supply. Disappearance of the tumor cells led to the formation of fibrous 
scar tissue, in which fat or marrow cells might later be deposited. The trans- 
formation of the scar tissue into fatty or cellular marrow appeared to be associated 
with a loss of the immunity that the tissue had developed during the process of 
disappearance of the tumor cells, since such secondarily formed marrow again 
became the site of metastasis. Although the metastases were of the osteoclastic 
type, some new formation of bone did actually occur about the periphery of the 
metastases. The new bone was formed both by osteobiastic apposition on the 
surface of old trabeculae and by direct calcification of fibrous and osteoid tissue. 


O. T. ScHuULTz. 


BRONCHIAL CARCINOMA IN Lerpzic, 1924-1929. M. ScHLESINGER, Ztschr. f. 
Krebforsch. 31:517, 1930. 


While the detailed figures given for the incidence of primary bronchial cancer 
in Leipzig for the six years under consideration are probably of litile significance, 
since similar figures for Diisseldorf fail to show any indications of parallelism, 
the average occurrence in that time amounted to 13.54 per cent of all cancers 
found at autopsies, the highest ratio shown by any German city. The etiologic 
significance of this increased incidence remains as obscure as ever. Schlesinger is 
inclined to absolve automobile exhaust gases, as Diisseldorf, with relatively more 
cars per inhabitant, shows an appreciably lower rate, 11.42 per cent. Industrial 
gases can be dismissed for the same reason. Schlesinger doubts that the statistics 
definitely point to the operation of any irritant factor as the cause of the increase. 
The maximal incidence with regard to age was found in the sixth decade. Men 
were attacked more frequently than women, and showed a predominance of 
incidence on the right side, which was lacking in the other sex. The article 
includes a discussion of pathology, symptomatology and differential diagnosis oi 
bronchial cancer. HE. Eccers. 


CHIMNEY-SWEEPs’ CANCER VANISHING. L. E. RicuTer, Ztschr. f. Krebsforsch. 
31:565, 1930. 


Richter states that chimney-sweeps’ cancer, reported as occurring in Germany 
with some frequency in times past, is now almost nonexistent there. He ascribes 
its genesis to a combination of chemical, thermal and mechanical irritation, and 
believes that greater precautionary cleanliness is the cause of its decrease. In 
England it still persists to a limited extent, and as it has always been more 
frequent there, Richter believes that English coal has greater cancerigenic power. 


H. E. Eacers. 


TESTICULAR CANCER WITH OLtp EpipipyMAL TuBERCULOsSIS. F. KLAGEs, 

Ztschr. f. Krebsforsch. 31:587, 1930. 

There is here reported a case of testicular cancer occurring four years after 
the appearance of epididymal tuberculosis. There was no evidence of the infec- 
tion in the removed testis, and the writer, dismissing the possibility of con- 
current disease, believes that the cancer was due to the chronic irritation of the 


infection. H. E. Eocers 
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DraGNostTic REACTIONS FOR CANCER. R. Matsticu, Ztschr. f. Krebsforsch. 31: 
605, 1930. 


A critical study of the various general reactions proposed for the diagnosis of 
cancer by laboratory methods leads Maislich to the conclusion that as yet no 
specific diagnostic measure has been developed, even though a few would seem to 
have limited clinical applicability. H. E. Eccers. 


FAMILIAL TENDENCY TO OCCURRENCE OF SARCOMAS AND SPONTANEOUS FRAC- 
TURES. R. WERNER, Ztschr. f. Krebsforsch. 32:40, 1930. 


There is here reported the histury of a family in which three children of 
parents apparently free from significant disease all showed marked tendency to 
fractures from ordinarily inadequate trauma. One of these died in childhood, but 
each of the survivors developed sarcoma at the site of the latest fracture during 
the third decade. A son of one of them showed the same liability to fracture 
and likewise died of sarcoma at the site of the latest fracture. 

H. E. Eaocers. 


THE SIGNIFICANCE OF SINGLE TRAUMA IN THE INCIDENCE OF CANCER. M. 
Scuap, Ztschr. f. Krebsforsch. 32:43, 1930. 


From a study of previously reported cases, to which are appended two more 
by the writer, the following conclusions are reached: There are well authenticated 
instances of carcinoma originating locally after a single trauma, after a short 
period of latency and in the absence of other locally predisposing causes. Such 
cases are especially frequent in young persons, although with these there frequently 
is a longer period of latency than with older persons. There is a frequent direct 
relation of location and time to the injury, in which healing may or may not 
have occurred. No definite limit of time can be placed on the period of latency; 
it may be very short, or the cancerous development may occur after years of 
precancerous change. Not the degree of injury, but the extent and character of 
the reaction to it are the important factors in this connection. In any single 
case, the exact importance of the injury may be exceedingly difficult to determine. 


H. E. Eaocers. 


SpEcIFIC MORPHOLOGIC CRITERIA OF TuMOR CELLS. H. HIRSCHFELD and E. 
KLeE-Rawipowicz, Ztschr. f. Krebsforsch. 32:139, 1930. 


These writers confirm the observations of Lipschiitz as to the morphologic 
changes which the latter terms the “plastin reaction,” in tumor cells. Like 
Lipschiitz, they find these changes only in a limited portion of the cells, and they 
were not able to discover them more frequently in cultured tumor cells. They 
venture no opinion as to their value as fundamental criteria of malignancy. 


H. E. Eccers. 
Medicolegal Pathology 


THE ROLE oF SYPHILIS IN THE ETIOLOGY OF ANGINA PEcTORIS, CORONARY 
ARTERIOSCLEROSIS AND THROMBOSIS, AND OF SUDDEN CARDIAC DEATH. 
ALDRED Scott WARTHIN, Am. Heart J. 6:163, 1930. 


Active syphilitic lesions of the larger coronary branches are infrequent. They 
rarely produce occlusion of the vessel or lead to thrombosis or myocardial infarc- 
tion. Arteriosclerosis of the coronaries, coronary occlusion, coronary thrombosis, 
myocardial infarction and angina pectoris are more frequent in latent syphilitic 
cases than in nonsyphilitic cases. Syphilis predisposes secondarily to coronary 
and aortic sclerosis and their resultant cardiac pathologic changes. Sudden death 
from heart failure was found almost five times as frequently in autopsies, in 
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syphilitic cases as in those in nonsyphilitic cases. In the majority of cases death 
was due to cardiac insufficiency and dilatation, resulting from a diffuse intersti- 
tial myocarditis of slight degree, leading eventually to fibrosis. 


AUTHOR’S SUMMARY. 


CINCHOPHEN (ATOPHAN) PoIsONING. LAWRENCE PARSONS AND WARREN G. 
HARDING, Jr., Am. J. M. Sc. 181:115, 1931. 


Fifteen cases of fatal poisoning due to cinchophen have been recorded, includ- 
ing the four here reported. Striking pathologic changes in the liver have been 
found in all of the fatal cases studied at necropsy. In these cases, the total 
amount of the drug taken has varied from 37.5 to 7,050 Gm. Intensive dosage 
with cinchophen may produce acute hepatic degeneration. Long continued admin- 
istration of the drug in moderate doses may result in subacute and chronic hepatic 


ion. . 
degeneration AUTHORS’ SUMMARY. 


TRAUMATIC PNEUMOCEPHALUS. S. W. MILLER, R. N. KLeEMMER and P. O. 
SNoKE, J. A. M. A. 96:172, 1931. 


An interesting case, apparently the eleventh recorded, of air in the cerebral 
ventricles due to extensive cranial fractures is reported. 


ELectric SHock. W. MactacHtan, J. Indust. Hyg. 12:291, 1930. 


This report is based on a study of 479 selected cases of electric shock. Two 
types of cases are considered: 1. Those in which the patient receives an electric 
shock followed by unconsciousness in which the patient stops breathing; resus- 
citation is instituted, and in a variable length of time the patient breathes and 
lives. There were 323 such cases in this series. 2. Those in which an electric 
shock is followed by unconsciousness during which the patient stops breathing ; 
resuscitation is started, but the patient fails to breathe and dies (156 cases). Com- 
plicated cases, such as extensive burns, a broken neck or back, etc., were rejected. 
It was thought that by limiting the investigation to these two definite types the 
comparison might disclose some definite trend of interest. In grouping cases by 
months, it was found that more deaths occurred in September, the maximum of 
successful resuscitation occurring in March. Less clothing is worn in summer 
and, together with perspiration, might account for more deaths in summer, there 
being less resistance at the point of contact. In grouping cases by the hour of 
the day, it was found that for some unaccountable reason the most successful 
resuscitations occurred between 1 and 2 p. m. In comparison by potentials of 
the circuit, the percentage of recoveries rises as the potential increases, probably 
because inexperienced workers handle lower potentials with less precaution and 
protection. High potentials are more protected and are handled by workmen of 
experience, usually with a poor or accidental contact and at times through an arc. 
It was found that the shorter the duration of the contact, the more was the suc- 
cess realized in resuscitation. The shorter the time between the shock and the 
institution of artificial respiration, the greater was the number of recoveries 
The path of the current was found to have little or no effect. 

C. G. WARNER. 


MIGRATORY BuLLEts. LEcLERCQ and MULLER, Ann. de méd. lég. 10:33, 1930. 


Two cases are presented in which the bullet causing the death of the person 
had been found at autopsy to have been carried by the blood stream far from 
the end of its trajectory. In each case, the bullet entered the aorta and was 
found lodged in the left femoral artery. 
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A study of ten cadavers was made to determine why the bullet had followed 
the left instead of the right common iliac artery. The angle with the vertical 
made by the left common iliac artery was iound to be 30 degrees, whereas that 
made by the right common iliac artery was 45 degrees. In nine cases the spur 
in the lumen of the aorta caused by the iliac bifurcation was not vertical, but 
inclined to the right. 

The literature is reviewed, and migratory projectiles are divided into three 
groups, depending on whether the bullet penetrated to the veins, the cavities of 
the heart or the arteries. The majority of cases belong to the last group. 

The medicolegal importance of a thorough search for such migratory bullets is 


emphasized. Evan Barton. 


SuDDEN DEATH FROM HYPERPLASIA OF LINGUAL TONSIL. MAVILLE and 
Soutter, Ann. de méd. lég. 10:573, 1930. 


The case is reported of a man, aged 25, with chronic alcoholism, who was 
known to have died suddenly and quietly in his sleep. He had suffered from 
attacks of dyspnea and choking associated with retrosternal and epigastric pain 
for years, one such attack shortly preceding death. 

At necropsy, in addition to marked hypertrophy of the lingual tonsil and hyper- 
trophy of the palatine tonsils and of the lymphatic tissue adjacent to the epiglottis 
and the larynx, there were islands of hyperplastic lymphatic tissue in the omentum 
and mesentery. Multiple hemorrhages were visible microscopically in the adenoid 
tissue of the pharynx. There was no lymphatic hyperplasia in the spleen, thymus 
or follicles of the large intestine. A plug of mucus obstructed the larynx. The 
other organs were normal. 

Death appeared to be due to asphyxia brought on by the lesions in the throat: 
(a) mechanically, from obstruction, (b) reflexly, by laryngeal irritation, (c) by 
cardiorespiratory failure due to possible excessive swallowing of air associated 
with the condition of the throat, or (d) in association with one of the lymphatic 


diatheses in which sudden cardiac deaths are frequent. Svan Basson 


DeatTH From PLEuRAL INuIBITION. C. RicHET, JR., and J. DuBLINEAv, Ann. 
de méd. lég. 10:773, 1930. 


Under varying circumstances, intercostal incisions were made into the pleura 
of rabbits. In an unanesthetized animal, the normal reflex is inhibition of the 
respiratory center, the severity of which, judged by the speed with which the 
animal dies, is directly proportional to the extent of the incision. If the field 
is anesthetized with procaine hydrochloride, death follows after twice as long 
a period. 

These inhibitory reflexes are augmented by general anesthesia, traumatic shock 
and tracheal irritation. In the latter two conditions, the result is twofold: (1) 
a sudden inspiratory apnea frum pleural shock, followed by (2) progressive inhibi- 
tion of respiration until death occurs. The latter stage is due to associated inhibi- 
tory effects, which include: (1) lowering of arterial tension (inhibition of 
the vasomotor center), (2) patellar, corneal and pupillary areflexia (inhibition of 
medullary centers) and (3) persistence of bright red blood in the carotid artery 
(inhibition of cellular activity). 

Brief protocols are given of four experiments in which death followed suddenly 
after the rabbit’s pleura or lung had been touched or pinched. 

Evan BarTon. 


Rapip DEATH FROM OSTEOMA OF THE DuRA Mater. M. Coriez and R. 
FaugueEz, Ann. de méd. lég. 11:48, 1931. 


A metal worker was found unconscious. During a short conscious interval, 
he complained of severe headache and stated that he had had a similar attack 
one year before. Death occurred the next day, and autopsy showed slight super- 
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ficial abrasions of the head and right knee, probably caused by a fall, passive 
hyperemia of both lungs and two osteophytes in the front of the falx cerebri, 
with slight compression of the right frontal lobe. The origin of the osteophytes is 
discussed. The sudden death is ascribed to vagus inhibition. 

ARTHUR B. Bryant. 


Technical 


A Quick METHOD FOR PREPARING HOMOGENEOUS SUSPENSIONS OF HEMO- 
LyTic StREPTOcoccI. SopuHiE Spicer, J. Immunol. 19:445, 1930. 


The strain to be used as antigen is grown on 0.2 per cent phosphate broth for 
three or four generations, and is transplanted twice a day. (Since the strepto- 
cocci grow poorly on phosphate broth alone, better growth is obtained by heavier 
inoculation. A pipet should be used instead of a loop, using about 0.2 of 1 cc. 
of the culture in about 5 cc. of broth.) The day of the test, the antigen is 
planted in potato-phosphate broth. Approximately 40 cc. of 0.2 per cent phos- 
phate broth is poured into 100 cc. bottles containing sterile potato strips. (This 
method requires the preparation of at least twice as many bottles as is usual.) 
The broth is then heavily seeded, 2 cc. of culture being used for each bottle. The 
bottles are incubated at 37 C. for not longer than two hours. They are shaken 
every fifteen minutes to stimulate growth. The two hour growth, however, is 
too thin to be used directly in the test. A proper emulsion is obtained as follows: 
The culture is centrifugated for thirty minutes at high speed to throw down the 
cells. The supernatant fluid is then poured off, and the cells are resuspended in 
enough of the same “supernatant” to give it a greater cloudiness than is desired; 
this is again centrifugated for five minutes at low speed to throw down any 
coarse granules that may be present. An antigen of desired cloudiness is thus 
obtained. This simple, quick and effective method of preparing the antigen gives 
hope of extensive diagnostic application of the agglutination test to the hemolytic 


streptococcus. ’ 
P AvuTHOR’S SUMMARY. 


ROENTGENOLOGIC STUDIES OF THE SPLEEN IN EXPERIMENTAL TUBERCULOSIS 
or Gurnea-Pics. S. LorAnp, Ztschr. f. Tuberk. 56:347, 1930. 


An operative method is described, by which small copper tags are clamped on 
the splenic capsule in animals. Roentgenologic observation shows then the altera- 
tions in the volume of the spleen that occur after infection with tubercle bacilli. 

MAX PINNER. 


COMPLEMENT-FIXATION ACCORDING TO NEUBERG-KLopstock. R. Levy, Ztschr. 
f. Tuberk. 57:163, 1930. 


On the basis of examination in 340 cases the following conclusions regarding 
complement-fixation according to Neuberg-Klopstock are reached: A strongly 
positive reaction occurs only in cases in which there are active tuberculous lesions, 
and in from 13 to 17 per cent of these cases the reaction is weakly positive. The 
percentage of positive reactions in cases of active tuberculosis is altogether only 
60 per cent. The procedure is too complicated to be of value in routine examina- 
tions, especially since its reliability is not great. a 


THE DIFFERENTIAL WHITE BLoop CELt Count IN COLLAPSE THERAPY IN 
PuLMONARY TUBERCULOSIS. R. GriIESBACH, Ztschr. f. Tuberk. 57:177, 1930. 


The author based his serial studies of the white blood cell picture in patients 
with pulmonary tuberculosis on the assumption that in tuberculosis Schilling’s 
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three phases of reaction have the same significance as in other infectious diseases. 
According to this concept, the hematologic reaction of the body against an infec- 
tion is characterized by (1) a neutrophil phase of fight (Kampfphase), (2) a 
monocytic phase of defense (Abwehrphase) and (3) a lymphocytic phase of heal- 
ing (Heilphase). Following numerous serial examinations of a large number of 
patients the author concludes that the differential white biood cell count is an 
indispensable means for prognostication and for the determination of the optimal 
collapse and of the proper time for reexpansion. It is particularly emphasized 
that only serial examinations have prognostic significance. Mos Pores 


TUBERCLE BACILLI IN LARYNGEAL SMEARS. G. VON HAFFNER, Ztschr. f. Tuberk. 
58:244, 1930. 


In smears from the larynx tubercle bacilli could be demonstrated in only a 
few cases in which they could not be found in the sputum. On the other hand, 
in many cases this method yielded negative results when the sputum was positive. 


Max PINNER. 


Kaun’s Rapip Reaction. H. Boas, Acta path. et microbiol. Scandinav. (supp. 
3), p. 69, 1930. 
In 5,361 cases the Kahn reaction of blood serum corresponded with the Was- 


sermann reaction in 93 per cent. A nonspecific reaction occurred only once in 2,226 
serums. The Kahn test is simpler and more sensitive than the Wassermann test. 











Society Transactions 


CHICAGO PATHOLOGICAL SOCIETY 
Regular Monthly Meeting, Jan. 12, 1931 


Josernu A. Capps, President, in the Chair 


THE RELATION OF SPLENECTOMY TO THE RESISTANCE OF RATS TO TRYPANO- 
soMA Lewisrt. W. H. Tacrarerro, P. R. CANNON and S. GOoDLoE. 


Early investigators, especially Laveran and Mesnil (1901), reported that in an 
infection with Trypanosoma lewisi dividing forms occur in the blood of a rat only 
during the first few days, and that nonreproducing adults are found exclusively 
thereafter. Taliaferro (1924 and 1925) found that this peculiar life cycle is due to 
the resistance developed by the rat, since he demonstrated in the rat an antibody 
or reaction product which has the specific property of inhibiting the reproduction 
of the trypanosomes, but not of killing them. Regendanz and Kikuth (1927) con- 
cluded that the spleen, owing to its richness in cells of the reticulo-endothelial 
system, is one of the chief sites of the formation of this antibody, because after 
splenectomy the trypanosomes reproduce for from two to five days longer than 
normally. Marmorston-Gottesman and Perla (1930), Marmorston-Gottesman, 
Perla and Vorzimer (1930) and Perla and Marmorston-Gottesman (1930) essen- 
tially corroborated the results of Regendanz and Kikuth. Other investigators, 
notably Coventry (1930), demonstrated that there also develops in the rat a 
trypanocidal antibody, or possibly a series of them, which eventually sweep the 
trypanosomes from the blood and thereby terminate the infection. 

The present investigation was undertaken to study the cellular basis of the 
resistance which rats develop against 7. /ewisi and in particular to ascertain what 
effect is produced by splenectomy on both the reproduction-inhibiting antibody and 
the lysin, when performed at different stages throughout an infection with 7. 
lewisi and when performed on infected rats of different ages and in varying con- 
ditions of health. The effects were studied by ascertaining whether in a given 
infection the reproduction of the trypanosomes, as indicated by the presence of 
dividing, short or variable forms, occurred for more than the ordinary length of 
time or recurred after it had subsided, and whether the trypanosomes persisted in 
the rat’s blood for a longer time than normally. 

The results may be summaried briefly as follows: Splenectomy when performed 
on young healthy Bartonella-free rats from seven days prior to infection to forty- 
one days after infection does not markedly influence the formation of the repro- 
duction-inhibiting antibody against 7. lewisi (thirty-five rats). It does, however, 
markedly affect this antibody when performed on young rats infected with Barton- 
ella+ at similar intervals (thirty-three rats). In general the effect of splenectomy 
is slight when performed six days prior to infection, is more marked when per- 
formed on the same day as infection, is pronounced when performed from 
five to ten days after infection and is very slight or nil when performed 
from twenty-one to fifty-eight days after infection. For example, in normal 
infections the trypanosomes show reproduction for from five to nine days with a 
slight variation of from one to two days more, after which only adult forms of 
extremely uniform length occur, whereas in rats splenectomized on the fifth day 
after infection the trypanosomes exhibit reproduction (although to a lessened 
degree during this prolonged period) for from thirteen to thirty-one days, with a 
slight variation of from ten to ninety-days more, after which the infection assumes 


1. This infection is found to occur in a latent form in practically all stock 
rats. Since it sometimes flares up after splenectomy, with fatal results, its occur- 
rence in the present series of experiments had to be rigidly controlled. 
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its ordinary aspect with only adult forms occurring. Splenectomy in young rats 
suffering from a paratyphoid infection (four rats), gestation (four rats) or a 
blockade with india ink (eight rats) or in old rats infected with Bartonella 
(twenty rats) was marked by somewhat similar results. These data demonstrate 
that the spleen is of great importance in the formation of the reproduction- . 
inhibiting antibody in infections with T. lewisi, and that the macrophage system 
has a functional level which develops so effectively in rats infected with 7. lewisi 
that reproduction of the trypanosomes is checked by about the eighth day. This 
functional level is lowered by splenectomy and by other factors such as infection 
with Bartonella, pregnancy, etc., but no one of these seems sufficient to cause any 
marked disturbance of the infection with T. lewisi, whereas two or more by their 
additive effect markedly change the course of the infection. 

Furthermore, splenectomy influences the trypanocidal antibody which is asso- 
ciated with the termination of the infection, since the infection lasts longer in 
splenectomized (seventy rats) than in unsplenectomized (thirty-two rats) animals. 
This effect is more marked when there is a concomitant infection with Bartonella. 

The effect of splenectomy is specific, since castration, performed with about 
the same operative ‘trauma as splenectomy, is without demonstrable effect on 
infection with 7. lewisi (twenty rats). 

During the course of this investigation certain secondary facts were demon- 
strated. Infection with 7. lewisi in Bartonella-free rats (twenty-five rats) pro- 
duces a significant increase in the size of the spleen during the first few days of 
infection and a demonstrable increase in histologic cellular activity as compared 
with that of normal healthy rats (twenty-six rats). Splenomegaly is more pro- 
nounced in rats infected with Bartonella alone (ninety-three rats) than in rats 
infected with T. lewisi alone (twenty-five rats) and is more pronounced in rats 
with both infections together (forty-eight rats) than in rats with either alone. 
T. lewisi is nonpathogenic, since death of the rats can be correlated with a con- 
comitant Bartonella or paratyphoid infection. 


DISCUSSION 


Pau. Cannon: E. R. Long believes that certain intracellular conditions are 
unfavorable for the growth of B. tuberculosis. Against trypanosomes there may 
be similar intracellular inhibiting substances which are difficult to demonstrate. 


I. Prrot: Have there been relapses following splenectomy in the latent 
period? Relapses following splenectomy have been noted in patients with malaria. 

W. H. TataFERRO: Approximately one third of the rats have relapses 
following splenectomy. 


THE CoprpER AND IRON CONTENT OF THE BLOOD SERUM IN CANCER AND IN 
PREGNANCY. ARTHUR LOCKE and E. R. Marn. 


The iron content of the hemoglobin-free serum of normal persons varies from 
a mean value of 1 microgram per cubic centimeter for young men to the value 
of 0.86 microgram per cubic centimeter for young women. It is slightly higher 
in old age and in pregnancy, is markedly higher in bilirubinemia and in the blood 
of the umbilical cord of new-born infants and may be slightly lower in advanced 
carcinoma and in leukemia. The copper content of the blood serum varies from 
a mean value of 0.80 microgram for young men to a value of 0.90 microgram for 
young women. It is slightly lower in bilirubinemia, is markedly lower in the 
blood of the umbilical cord of new-born infants, is slightly higher in leukemia, and is 
markedly higher in late pregnancy and in advanced carcinoma. The Cu: Fe ratio 
varies from the normal mean of 0.8—1:1 to the low values of 0.33—0.6: 1 found 
in the blood of the umbilical cord of infants and in bilirubinemia to the high values 
of 1.8—2.3: 1 found in pregnancy and in carcinoma. The lowered copper level in the 
fetal blood is paralleled by increased concentrations of the metal in the fetal tissues. 
The increased copper level in the blood of the pregnant mother is paralleled by 
an increased antitryptic index. The antitryptic index of the blood serum is also 
increased in carcinoma. Since the inactivating action on trypsin of the two sub- 
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stances, cyanide and cysteine, appears to be directed toward the cations of copper 
and iron contained in the catalytic nucleus of that enzyme, it is assumed that the 
action of antitrypsin may be similarly directed and that the affinity of antitrypsin 
for copper, thus expressed, may be the source of the rise in the concentration of 
copper in the blood serum which follows induction of a high antitryptic index. 
Further conclusions are drawn as to the relation of the increased level of copper 
and antitrypsin in the blood to certain of the sequelae of cancer and of pregnancy. 


DISCUSSION 


W. F. Peterson: Is there any relation between antitryptic activity and the 
unsaturated fatty acids? 

A. P. Locke: The content of unsaturated fatty acids fluctuates parallel with 
the antitryptic concentration. , 


COLONIES OF HEMOLYTIC STREPTOCOCCI ON CHOCOLATE AGAR. RuTH TUNNI- 
CLIFF. 


While studying colonies of hemolytic streptococci on chocolate agar, I observed 
that those from typical cases of erysipelas and septic sore throat turn this medium 
green, generally at a temperature below 34 C., while those from scarlet fever 
produce no change, or occasionally a slight greening after several days’ growth. 
On this medium, typical colonies of streptococci from scarlet fever are seen, by a 
culture microscope, to form slightly granular, conical colonies; those from ery- 
sipelas, smooth and convex colonies; while those from septic sore throat form 
colonies that are rough, indented, conical or convex and of the color of gun metal. 
Although the surface of the colony from septic sore throat is rough, the edge is 
regular. 

Chocolate agar is prepared by adding 8 cc. of defibrinated sheep blood to 150 cc. 
of melted plain agar, heating the mixture to 90 C., cooling to 50 C. and pouring 
into plates. Dextrose and lack of air appear to inhibit greening. According to 
McLeod and Gordon greening and bleaching of heated blood agar are due to the 
production of hydrogen peroxide. Dr. Clarence Saelhof is studying this reaction 
and finds that pure hemoglobin, prepared from sheep blood according to the 
Marshall-Welker method, gives the same color change as whole blood. He can 
substitute gelatin for agar and still get greening. So far, attempts at growing 
streptococci in liquid mediums containing heated hemoglobin have not resulted in 
producing any distinctive changes in the spectroscopic bands. 

Many cultures of hemolytic streptococci remain stable for years, both culturally 
and serologically, but a few appear to dissociate, and the cocci from these dis- 
sociated colonies differ from the usual type, in colony formation and immunity 
reaction and sometimes in production of color on chocolate agar and in virulence. 

Sixteen strains of hemolytic streptococci from erysipelas have been studied, 
which form the same type of colony and by the opsonic test belong to one group. 
They form large, smooth, flat or slightly convex hemolytic colonies on blood agar 
and smooth, convex colonies on chocolate agar, which is turned green. Five other 
streptococcus cultures from erysipelas have been examined, which appear to have 
dissociated from typical cultures and which form on blood agar four types of 
colonies atypical of erysipelas streptococci: pigmented yellowish, hemolytic; small 
hemolytic; green, and anhemolytic. All of these colonies, except the small hemo- 
lytic ones, produce green on chocolate agar. None of the atypical strains opsonify 
like streptococci from erysipelas. 

Thirty strains of hemolytic streptococci from scarlet fever have been examined. 
They form small hemolytic colonies on blood agar and slightly granular, conical 
colonies on chocolate agar, which is not changed in color. Here again many 
strains remain stable immunologically and culturally. One strain isolated in 1922 
has shown no signs of changing until now. By aging on blood agar slants at the 
temperature of the icebox, large, moist, spreading hemolytic colonies, which produce 
greening of chocolate agar, have been isolated from two old strains. These 
colonies on blood agar are similar to those from septic sore throat and the coccus 
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shows a capsular substance, but differs from the streptococcus from septic sore 
throat in that it does not form rough colonies with regular edges on chocolate agar. 
From a third strain of scarlet fever streptococci a small, smooth, convex colony 
and a flat, rough colony with irregular outline have been dissociated. The cocci 
from these atypical colonies no longer opsonify like the scarlet fever streptococcus 
group. 

Aging also appears to change the streptococcus from septic sore throat, the 
typical rough colony with regular edges on chocolate agar dissociating into smooth, 
flat colonies, smooth, convex colonies and flat, rough colonies with irregular 
margins. 

The two flat, rough colonies with irregular edges dissociated from strains of 
streptococci from scarlet fever and septic sore throat are typical of rough colonies 
dissociated from other bacterial cultures. They grow in clumps in dextrose broth, 
form long tangled chains, vary in size and shape and show bacillary and fila- 
mentous forms. The coccus from the original colonies grew diffusely in dextrose 
broth and formed short chains of round cocci. Cocci from the flat, rough colonies 
are avirulent for mice in contrast with those from the original colonies, which 
killed mice in twenty-four hours. 

By subculturing in dextrose broth, by passage through animals and by aging, 
many of the dissociated streptococcus colonies may be caused to revert to the 
original type of colony, formation of color on chocolate agar and also the original 
immunologic group. 

The difference in the color reaction and the colony formation on chocolate 
agar appears to be further evidence of a biologic difference between the strepto- 
cocci from scarlet fever and those from erysipelas and corresponds to the spe- 
cificity of the immunity tests and the bacteriophagic action. 

The observation that dissociated colonies may appear in cultures of streptococci 
from scarlet fever and erysipelas, and that they no longer act immunologically like 
the specific group, may account for some of the confusing results in immunologic 
experiments with these streptococci. 


DISCUSSION 

I. Prror: I have made similar studies of these streptococci and have obtained 
identical results. 

D. J. Davis: These studies are interesting because they show that the hemo- 
lytic streptococci, as a group, can be integrated into specific strains. Have you 
studied hemolytic streptococci from various sources? There seems to be an over- 
lapping among the streptococci, both clinically and bacteriologically. 

RutH TuNNIcLIFF: I have tested many streptococci from various sources 
with immune serum and have not found organisms forming green colonies on 
chocolate agar to be opsonified by immune serum prepared against scarlet fever 
streptococci. 


CHRONIC BRONCHITIS WITH FOREIGN Bopy (ELAstic FIBERS) REACTIONS IN 
THE LuNGs. FRANKLIN S. DuBors. 


The complete report will be published in the ARCHIVEs oF PATHOLOGY. 


An UnusuAL OpoNTOMA. Epwarp H. Hatton. 


The odontoma is the rarest of tumors that arise from the odontogenic tissues. 
It takes its origin from a misplaced germ of a tooth and as a rule becomes 
clinically apparent during the course of the second dentition, that is, between 
the ages of 7 and 26. Because of its genesis it has a degree of relationship to 
adamantinoma, multilocular cyst, follicular cyst and dentigerous cyst. 

The specimen to be described was removed by Dr. H. A. Potts from the 
mandible of a 3 year old boy, because of the destruction of bone connected with 
it and because of the possibility of its being a malignant growth. It was 2.1 by 
2.9 cm. in its two chief diameters and consisted of two portions, one somewhat 
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centrally located, but confined largely to one pole, and made up of rather densely 
calcified tissue, and a second part seemingly of soft tissues and occupying all of 
the opposite pole. Blocks were removed from both portions for histologic exam- 
ination, decalcified, sectioned and stained by hematoxylin and eosin, thionine and 
picric acid and van Gieson’s stain. 

The densely calcified portion consisted of confused masses of dentine and 
enamel, in places separated by thin strands of connective tissue and remnants of 
enamel organ, as well as of a rudimentary dental pulp tissue. This portion was 
similar to the descriptions of the structure of composite odontomas. 

The softer portion was essentially embryonic connective tissue through which 
extended numerous bands of enamel organ epithelium, very much like the anlage 
at a very early stage of the germs of the teeth. In this portion were the begin- 
nings of rudimentary, badly formed teeth, not more than from 1 to 3 per section; 
in many instances, the arrangement was rather typical; in others, there was 
marked malformation. 

The occurrence of an odontoma during the period of the first dentition is 
uncommon, The more densely calcified portion is older, probably than the softer 
portion. The structure of the latter part suggests a close relationship of this 
tumor to adamantinoma and the multilocular cyst. 





NEW YORK PATHOLOGICAL SOCIETY 
Anniversary Meeting, Jan. 22, 1931 


LEILA CHARLTON Knox, President, in the Chair 


LYMPHOSARCOMA OF THE ILEOCECAL JUNCTION, WITH DEMONSTRATION OF 
SPECIMENS. JOSEPH S. GREWAL and Warp J. MAcNEAL. 


L. R., a white man, aged 64, complained of a dull pain in the lower quadrant 
of the abdomen, on the right side, that had continued for one month, with occa- 
sional distention, followed by passage of much gas through the rectum. He had 
lost 15 pounds (6.8 Kg.) in six months. The movements of the bowels had been 
irregular for one year. A tender, somewhat movable mass was palpable in the 
lower part of the abdomen, on the right side. The white cell count was 11,400, 
with 91 per cent polymorphonuclears. Urinalysis revealed a slight amount of 
albumin, together with hyaline and granular casts. 

Resection of the lower ileum, cecum, ascending colon and a portion of the 
transverse colon was done by John F. Erdmann. The specimen presents a portion 
of the ileum, the appendix, the cecum and a portion of the colon, 340 mm. in 
length. The ulcerated tumor-bearing portion is 90 mm. in length. The infiltra- 
tion extends to about 50 mm. beyond the ulceration along the wall of the ileum. 
The ileum is dilated above the tumor mass, which extends to the ileocecal junction. 
The entire thickness of the tumor is about 45 mm. The tumor mass consists of 
pale, homogeneous, translucent, firm tissue, extending along the wall of the ileum, 
where the mucosa is still intact. In the surrounding fat small, round, opaque, 
grayish spots resembling lymph nodes are present. 

Microscopic Examination—The tumor mass consists mostly of lymphoid cells 
lying in the meshes of a rather scanty fibrillar supporting tissue. These cells 
vary considerably in size and shape; most of them contain rather abundant cyto- 
plasm and large compact or vesicular, hyperchromatic nuclei. Occasional giant 
cells with multiple nuclei are also present. A few small mature lymphocytes are 
scattered throughout the tissue. Numerous figures of mitotic division are seen. 
A large number of eosinophils and large collections of polymorphonuclear cells 
are present subjacent to the ulcerated areas and outside the wall of the intestine 
in the adipose tissue. 
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MALIGNANT NEPHROSCLEROSIS, WITH DEMONSTRATION OF SPECIMENS. JOSEPH 
S. GREWAL and Warp J. MACNEAL. 


N. E., a white youth, aged 17, was well until six months before examination, 
then he had a cold and prolonged bronchitis with loss of appetite. For four 
months before examination he suffered from malaise, nausea, vomiting and diarrhea. 
The ankles became swollen three months before examination and the eyelids puffy 
two weeks before. 

In the hospital he received a diet low in protein and salt-free. He received 
one transfusion of blood (500 cc.). He gradually declined, with increasing anasarca 
and accumulation of nonprotein nitrogenous bodies in the blood. The red cell 
count was 3,000,000. Urinalysis showed a specific gravity of 1.012, abundant 
albumin, hyaline and granular casts and numerous pus cells. 

At autopsy, each kidney weighed 280 Gm. and presented the gross and micro- 
scopic picture of malignant nephrosclerosis in the uncontracted stage. 

E. K., a white man, aged 27, was ill in bed for several months seven years 
before examination, with kidney trouble. After an interval of good health the 
present illness began, four months before examination, with loss of appetite, 
malaise, headache, weakness and later dyspnea, blurred vision, diarrhea and edema 
of the legs. On admission to the hospital the patient was semicomatose and 
dyspneic. Examination of the blood showed 3,250,000 red cells, and 12,200 white 
cells, 90 per cent of which were polymorphonuclears; uric acid was 51, urea 144, 
creatinine 14.8, carbon dioxide combining power 26.8. 

At autopsy the right kidney weighed 65 Gm. and the left kidney 200 Gm., 
presenting the gross and the microscopic picture of malignant nephrosclerosis in 
the contracted and the uncontracted stages. 


BACTERIAL ENDOCARDITIS IN HEART WITH INCOMPLETE INTERVENTRICULAR 
SEPTUM, WITH DEMONSTRATION OF SPECIMENS. JOSEPH S. GREWAL and 
Warp J. MACNEAL. 


R. W., a white man, a physician, aged 34, had had a plastic operation on the 
nose and upper lip in June, 1930; on return to duty he remained weak and tired 
quickly; later he lost his appetite and became nauseated, with distress after 
eating. On Aug. 11, 1930, there was a sudden sharp pain in the back over the 
base of the right lung, aggravated by each respiration. Expectoration of blood 
and blood-tinged mucus began and continued, although the pleuritic pain gradually 
subsided. In the hospital his temperature ranged from 99.4 to 102 F., and to 
103 F. toward the end. From time to time there were renewed attacks of sharp 
pleuritic pain in different areas, with intervals of improvement. Meningitis closed 
the clinical history. 

The past history included a record of eighteen surgical operations, most of 
them for double hare lip and cleft palate, but there was also an appendectomy. 

At autopsy the heart weighed 575 Gm. There were active, soft red vegetations 
on the three aortic cusps, in which large colonies of streptococci were present. 
Incomplete ventricular septum with constriction of the right ventricle in the 
zone of the defect, marked hypertrophy of both ventricles and persistent foramen 
ovale were present. There were septic infarcts of lungs and kidney and terminal 
meningitis. Cultures yielded Streptococcus viridans. 


DISCUSSION 


Warp J. MacNea: The peculiar interest of this last case is due in large 
measure to the fact that the patient was carefully observed during his life, 
particularly by himself. He contributed a great many of the records to his own 
chart, and these were made in an unusually objective manner for a patient. He 
seemed to take an exceptionally objective interest in his own illness and was 
willing to offer bets on the condition of his heart after the termination of his 
illness. One point that is mentioned is that his heart was not dilated. His heart 
held up to the end. What killed him was the meningitis. The heart, in spite of 
the congenital defects, was functioning reasonably well. During his college days 
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he was a mountain climber and an athlete, and with this defect in his heart he was 
able to hold his own with his fellows. Another interesting question has to do 
with the course of the blood through the heart. I am inclined to think that a 
good deal of the blood coming trom the right auricle actually passed through the 
foramen ovale into the left auricle, and this because of the curious constriction 
which impeded the passage of blood from the right auricle through the right 
ventricle into the pulmonary arch. I think a considerable amount of the blood 
also passed through the opening in the ventricular septum; this opening led 
immediately to the region of this constriction in the right ventricle, and from there 
was forced through the pulmonary arch. The fact that the heart was able to 
do so well and was still in systole at autopsy, and that a meningeal infection 
terminated the patient’s life, indicates what a congenitally defective heart may do. 


RELATION OF Mucous GLANDs TO Tonsit. LoutseE H. MEEKER. 


The mucous glands related to the tonsils are subject to wide variation both in 
location and in manner of opening to the surface. The usual location of these 
glands is in the connective tissue at the periphery of the tonsillar mass with ducts 


Fig. 1—Example of mucous gland ducts opening into crypts. The patient, 
aged 41, had had a previous tonsillectomy. 
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opening into adjacent crypts. A central location of mucous glands has been denied 
by many authors. My own observations have shown that there are many mucous 
glands located beneath the central portions of the tonsil. 

The facts brought out by the studies of Fox, Griinwald, Goerke, Kingsbury 
and Levin, added to the controversal evidence of previous workers, Hammar, 


a SOL SS SS re 
Fig. 2—Example of minor branchiogenic cleft opening into the crypt above 
at the left. The patient, aged 40, had a history of repeated peritonsillar abscesses. 


Levinstein and Maximow, force me to one conclusion: The tonsillar area in its 
development is the most unstable portion of the second pharyngeal pouch. The 
distribution of mucous glands related to the tonsils is an illustration of this 
instability. The varying type of epithelium found where mucous glands open into 
the crypts is a further illustration of the instability. Ducts lined by squamous 
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epithelium may open into the squamous epithelium of the crypts. The ducts may 
be single or in groups. Ducts may also be lined by cuboidal or columnar epi- 
thelium and the epithelium may be ciliated. 

Ciliated epithelium found in the fundi of centrally located crypts is accepted 
by Dietrich for the first few years of life, and he considers it a fetal remnant. 
He mentions that he has seen it once in the tonsil of an adult. I have found it 
many times in the tonsillar crypts of adults and consider it a fetal remnant, because 
other fetal anomalies are occasionally associated with it. 

It may be said in general that ciliated epithelium in the fundus of a crypt 
indicates the opening of the duct of a mucous gland nearby. The area lined by 
ciliated columnar epithelium is rarely more than 1 or 2 mm. in diameter. Such 
ciliated epithelium occurs without relation to mucous glands, and then it is 
undoubtedly a persistent fetal remnant. 

Hundreds of tonsils cut in both longitudinal and transverse planes have been 
examined. Many serial sections have been made. The observations in longitudinal 
sections agree with those of most observers. Transverse sections have yielded 
the most information about the unusual locations and manner of opening on the 
surface. In addition to the variations already noted I have found occasional glands 
from 10 to 15 mm. in diameter and a few glands wholly or in part duplicating 
the parotid gland in structure. 

The anatomic differences noted assist one in understanding the pathology of 
the tonsil. This is especially true in the case of the so-called recurrent tonsil 
of the adult and in that of peritonsillar abscess. 

I have found true lymphoid tissue extending along mucous glands deep into 
the pharyngeal fascia and muscle and not along blood vessels. Griinwald gets 
very close to this description, and Hett and Butterfield found extensions of lymph 
follicles about mucous glands in the gorilla and Vervet monkey. This extra- 
tonsillar lymphoid tissue may proliferate extensively after excision of the tonsil 
proper. Peritonsillar abscesses may arise in this periglandular lymphoid tissue. 


DISCUSSION 


Warp J. MacNEac: I think that probably abundance of material and lack 
of adequate study are nowhere so marked as in connection with the particular 
group of pathologic conditions represented by tonsillar material. I had the 
opportunity to sit with some prominent laryngologists of this city who were 
discussing diseases of the tonsil. In a naive fashion I asked one of them how 
he recognized a pathologic tonsil. He thought a minute and then said, “If I can 
discover the tonsil in the throat of a patient, it is a diseased tonsil.” This is a 
challenge to the pathologists to ascertain the nature of this particular tissue and 
to state their observations in such a way as to make an impression on those who 
deal with this region of the body clinically. I believe that the facts presented 
here will appeal to our clinical friends; at least, I hope they will, because they 
serve to explain one of the difficulties with which the laryngologist occasionally 
meets, namely, that of the so-called bad result of tonsillectomy. I hope that this 
paper will engage their attention and help them to see that there may be some- 
thing worth while in a study of the structure of the tonsils. 


SrroLocic REACTIONS IN A CASE OF TUBERCULOSIS OF THE SEROUS MEMBRANES. 
ADELAIDE B. Bay is. 


A physician, aged 43, exhibited symptoms that made it difficult to form a 
diagnosis. Laboratory tests for Bacillus typhosus, B. paratyphosus A and B 
and Brucella abortus gave negative results; also the result of a complement- 
fixation test for tuberculosis was negative. The only positive information was 
that afforded by the Vernes flocculation test for tuberculosis, which gave a reaction 
indicative of active tuberculosis. This was disregarded because unsupported by 
the complement-fixation test and roentgenologic films. Necropsy revealed miliary 
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tuberculosis of the serous membranes. It is suggested that the complement- 
fixation test might be more successful if the antigen employed were made from 
organisms isolated from particular anatomic regions of the body; also that the 
Vernes test is a valuable adjunct in cases in which diagnosis is difficult. 


DISCUSSION 


BiakeE F. DoNnALpson (by invitation): It was my good fortune to see this 
patient clinically. We were very much puzzled by this positive reaction for 
tuberculosis. The patient had been febrile for a long time, and it seemed incredible 
to us that we could establish the diagnosis of tuberculosis on this test alone when 
in the x-ray picture the lungs looked almost entirely clear five or six days before 
the patient died. I think that it is important that we should have a large number 
of these tests in similar cases, so that we may determine how reliable they are. 

Warp J. MacNeav: I should like to sound a word of caution which was 
sounded here last year, and that is that the Vernes test may give a highly positive 
flocculation when the patient has not tuberculosis. This is particularly true when 
the result of the test goes above 100. It has happened that when we got floccula- 
tions of from 120 to 150, we dealt with generalized malignant neoplasms. It is 
obvious that there are involved here factors that are not clearly understood. The 
test has a place and is useful, and I believe the word of warning should be coupled 
with the papers which come out from this laboratory, so that it will not be 
for some one else to offer this criticism. I am glad to offer it, and I know that 
Miss Baylis is glad to have it offered. 

ADELAIDE B. Baytis: I should like to add that that word of warning also 
comes from Vernes’ laboratory. In his recent work on tuberculosis, he said that 
in diseases in which there is destruction of tissue one must be careful in inter- 
preting high readings of Vernes’ flocculation test. 


INFLUENCE OF Pus AND BLoop ON THE ACTION OF BACTERIOPHAGE. MARTHA 


APPLEBAUM and Warp J. MAcNEAL. 


Purulent exudate from human lesions, as well as sterile purulent exudate from 
the rabbit, exerts a marked inhibitory influence on the lytic action of the staphylo- 
coccus bacteriophage. This behavior in vitro offers an explanation for the per- 
sistent survival of the bacteria in purulent collections within the body of a patient 
receiving treatment with potent bacteriophage. Even when diluted 1: 1,000, a 
purulent exudate may show some inhibitory effect in vitro. Heating the pus 
at 60 C. for thirty minutes diminishes this inhibitory power only to a slight degree. 

Undiluted citrated blood, defibrinated blood and diluted blood serum exercise a 
similar inhibitory influence on the staphylococcus bacteriophage, but there is con- 
siderable variation in the behavior of different bacterial strains and possibly also 
in the behavior of different races of bacteriophage. 

The analogous experiments with the colon bacillus and its bacteriophage were 
negative in their results under the experimental conditions employed. 

The paper is to appear in full in the Journal of Infectious Diseases. 


DISCUSSION 
Warp J. MacNEAL: Some extremely modest friend has asked me in regard 
to a particular body fluid, namely the urine. We have presented a paper con- 
cerning the behavior of these agents in urine, and the influence of the hydrogen 
ion concentration of urine, and we have in progress other experiments that 
include the combined influence of pus and blood. Here there are so many variables 
that very complete records are required. 


EFFECT OF VARIATIONS IN THE WEATHER ON THE SYMPTOMS OF PATIENTS 
witH Hay-FEvEeR. MARJORIE R. HOpPKINs. 
A study of these conditions was made at the New York Post-Graduate Hospital 
in 1929 and 1930 in connection with the clinic for patients with hay-fever. The 
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daily symptoms of patients with hay-fever caused by ragweed who had received 
treatment with extract of ragweed pollen for ten weeks previous to the onset 
of their symptoms, as well as from August 15 to September 29, were recorded 
and correlated with the daily temperature, the humidity, the pollen count and the 
rainfall as noted in Central Park, New York. 

It was found that precipitation, a low temperature and a high humidity caused 
a lessening of the ragweed pollen content of the air and thus lessened the symptoms 
of the patients. 

Days of no precipitation, high temperature and low humidity increased the 
dissemination of the pollen, and this increased the severity of the symptoms in 
the patients. 


DISCUSSION 


W. C. Spain (by invitation): I think that Miss Hopkins has shown us very 
clearly the relationship between the symptoms of the patient and the production 
of pollen. Of course we have known of it for a long time from the clinical 
point of view, but I do not believe that it has before been shown in such a graphic 
way as Miss Hopkins has presented it here tonight. 

Warp J. MacNeat: There has been some newspaper publicity lately in 
regard to something suspended in the atmosphere over Europe, which has been 
reported to have given rise to a considerable amount of disease, and I think 
that possibly some of our friends in this country have thought that the explana- 
tion of this was due to suspended particles in the air to which the population of 
certain districts had become sensitive. This is just a theoretical explanation, 
which is always possible when we have very little exact knowledge. 
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Die GASBEHANDLUNG BOSARTIGER GESCHWULSTE. By BERNHARD FISCHER- 
WaseEts, o. 6. Professor der allgemeinen Pathologie und pathologischen 
Anatomie an der Universitat, Direktor des Senckenbergischen Pathologischen 
Instituts zu Frankfurt am Main, unter Mitwirkung von Priv.-Doz. Dr. W. 
Biingeler, Dr. J. Heeren, Dr. S. Heinsheimer, Dr. G. Joos. Price, 65 marks. 
Pp. 472, with 82 illustrations, some colored, and numerous tables. Munich: 
J. F. Bergmann, 1930. 


This account of the gas therapy for malignant tumors during the three years 
from 1927 to 1929 at the Senckenberg Pathological Institute of the University of 
Frankfurt appeared as volume 39 of the Frankfurter Zeitschrift fiir Pathologie. 

The treatment rests on Warburg’s discovery that cancer cells elaborate a large 
amount of lactic acid. Attempts were made to alter this fermentative metabolism 
by causing mice with tumors to inhale oxygen, but it proved so unsatisfactory that 
other means of stimulating cell respiration were soon added. The most promising 
among these adjuvants was carbon dioxide, which was employed for the double 
purpose of increasing tissue respiration and mitigating the untoward effects of 
pure oxygen. In order to enhance its activity, however, the oxygen-carbon dioxide 
mixture was combined with other measures, such as dextrose, insulin, acids, metals, 
dyes, the roentgen rays and so on, the best of which turned out to be acids given 
intravenously. 

Methods thought to be effective in the mouse were later tried out.on inoperable 
tumors in man; thus two patients suffering from inoperable cancer of the digestive 
tract were given oxygen and carbon dioxide with hydrochloric acid by mouth, 
since the introduction of an acid into the circulation was considered too hazardous. 
In both cases the tumor seemed to disappear, but Fischer-Wasels, well aware of 
the dangers of premature optimism, concludes only that the treatment deserves 
full investigation. 

The material described occupies the first three articles in the book. The 
remaining seven include such problems as the blood and tissues in acidosis and 
alkalosis, the oxygen taken up by the body during the inhalation of different 
gas mixtures, predisposition to tumors, lactic acid in the blood and tissues and the 
effect of various substances on the metabolism of organs in vitro. 

On the chemistry involved in the work under consideration, the reviewer is 
not competent to pass judgment, nor can the ultimate value of this work to the 
patient be forecast from the outcome in two cases. It should be pointed out, 
however, that the fermentative type of respiration occurs not only in the cancer 
cell but in certain normal cells, as even Warburg himself now acknowledges, and 
that the degree to which it may be present in cancer often bears not the slightest 
relation to the malignancy of the neoplasm. It may be, therefore, that treatment 
with gas for tumors rests on an insecure foundation. In any case, the few charts 
introduced to demonstrate its efficacy against tumors in mice are inadequate to 
prove anything, particularly as some of the disappearing tumors had ulcerated; 
for this and other reasons the investigation as a whole has been bitterly attacked 
by Caspari in recent numbers of the Zeitschrift fiir Krebsforschung. 


THe PatHotocy or INTERNAL Diseases. By Witt1am Boyp, M.D., M.R.C.P. 
(Ed.), Dipl. Psych. F.R.S.C., Professor of Pathology in the University of 
Manitoba; Pathologist to the Winnipeg General Hospital, Winnipeg, Canada. 
Cloth, $10 net. Pp. 888, with 298 illustrations. Philadelphia: Lea & Febiger, 
1931. 

The title of this book raises the question, What does the author mean by “the 


pathology of internal diseases?” ‘The word pathology is used in the large sense to 
include not only structural changes, the pathologic anatomy of disease, but pathogen- 
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esis and physiologic physiology as well. The contents consequently correspond 
roughly to the sections in textbooks and systems of internal medicine that deal 
with pathologic anatomy and pathogenesis, with special emphasis on the relation 
of the clinical manifestations to the associated lesions. By internal disease the 
author refers to the diseases usually found in the medical wards of a teaching 
hospital or, put in another way, to the diseases that would be covered by a higher 
examination in internal medicine. The so-called infectious fevers, a term of rather 
ill defined significance, and “conditions which have no anatomical basis” have been 
left out of consideration. The diseases caused by animal parasites have also been 
omitted—trichinosis is not mentioned. No satisfactory reason is apparent for this 
limitation in scope. The book is intended to be a companion volume to “Surgical 
Pathology” by the same author, and there is considerable overlapping. A strict 
division into surgical and medical pathology cannot be carried out satisfactorily. 
One wishes that the author, who is a skilled and successful writer, might have 
written one comprehensive work on pathology in relation to internal medicine and 
surgery. 

The following synopsis of the contents will show the scope of the volume under 
consideration: diseases of the heart, arteries, respiratory system (larynx, bronchi, 
lungs and pleura), stomach and duodenum, intestines, liver and gallbladder, pancreas, 
kidneys suprarenal glands, thyroid gland, parathyroid glands, pituitary body, the 
blood, bone marrow, spleen, lymph nodes, thymus gland and nervous system. There 
is a useful list of references at the end of each chapter. The chapters on the 
suprarenal, the thyroid, the parathyroid and the pituitary glands contain much of 
interest. The statement on page 541 concerning the lack of physiologic action of 
extracts of the pituitary needs revision. The introduction to the chapter on Bright’s 
disease is well written. The illustrations, which deal with gross and microscopic 
changes, are good. The style is clear and pleasant. Physicians will find this an 
interesting and valuable book. 


GEWEBSPROLIFERATION UND SAUREBASENGLEICHGEWICHT. By Dr. RuDOLF 
BALInT, o. 6. Universitats-Professor, Direktor der I. Med. Klinik der Pazmany 
Péter-Universitat in Budapest und Dr. STEFAN Wess, Assistent der I. Med. 
Klinik der Pazmany Péter-Universitat in Budapest. Mit einem Vorwort 
von Baron A. v. Koranyi o. 6. Universitats-Professor, Dirketor der III. 
Med. Klinik der Pazmany Péter-Universitat in Budapest. Price, 16.80 marks. 
Pp. 209, with 59 illustrations. Berlin: Julius Springer, 1930. 


This monograph is a contribution to experimental pathology. It had its origin 
in the observations of Balint on the treatment for gastric ulcer with alkalis, which 
led him to the conclusion that the healing of the ulcers is induced more by systemic 
alkalinization than by local alkalinization of the ulcer. It was found that the reac- 
tion of the blood in patients with ulcer is more toward the acid than toward the 
normal side, even in healed stages or after operative removal of the ulcer. A 
gastric ulcer in a patient whose stomach was excluded from the digestive tract by 
anastomosis of an artificial esophagus with the intestine healed rapidly under the 
intravenous administration of alkali. These and other observations, together with 
the fact that the literature gives contradictory testimony on the effects of acids 
and alkalis on inflammation and repair, led to an extended series of experimental 
studies. A discussion of the literature is followed with reports of experiments on 
the effects of administration of alkalis and acids to animals with various lesions. 
The results go to show that acids interfere with proliferation of the tissue and 
that alkalis promote the growth of cells and reparative processes. Among the 
conditions in which these effects were observed were inflammations produced with 
turpentine, reactions of the skin of man to tuberculin, experimental gastric ulcers, 
wounds of the skin and muscles, cultures from tissues, the various phases of 
tuberculous reactions, the formation and repair of bone and the growth of carcinoma 
in mice. An extensive bibliography adds to the value of this interesting report on 
experimental studies that have much practical significance and which undoubtedly 
will serve as the starting point for further investigations. 
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PATHOLOGISCHE ANATOMIE UND HISTOLOGIE DER VERGIFTUNGEN. Bearbeitet 
von Dr. Evse Perri, Berlin. Volume 11. (Bildet Band X vom Handbuch 
der speziellen pathologischen Anatomie und Histologie herausgegeben von F. 
Henke und O. Lubarsch.) Price, 144 marks. Pp. 724, with 96 illustrations, 
many in colors. Berlin: Julius Springer, 1930. 


This book contains a vast amount of reliable information, conveniently arranged, 
concerning the structural lesions in the various forms of poisoning. In the first 
part of the book the material is grouped according to the actions of single poisons 
on individual organs. The poisons are classed partly according to their chemical 
nature and partly according to their pharmacologic and biologic nature as follows: 
metals; metalloids; acids and alkalis; nitrocompounds; narcotics; glucosids; 
alkaloids; animal and vegetable fats, oils, camphor, terpenes, balsams, resins; 
poisonous plants; poisonous animals and animal poisons; food poisonings, and 
hormones — insulin, extract of pituitary, thyroidin and epinephrine. 

The second and smaller part of the book consists of differential diagnostic tables, 
showing the changes caused in the organs by different poisons. These tables, 
the arrangement of which has involved a great deal of work, will be of help in 
reaching safe conclusions in difficult cases. 

There is a voluminous bibliography (seventy-four pages) divided according to 
main subjects, with references listed alphabetically according to the names of the 
authors. Finally come an index of names and one of subjects. The illustrations, 
all text figures, mostly in color, are of exceptional interest. The book, which 
covers a large field thoroughly, has no rival. It will be of use to all who are 
interested in the pathologic anatomy and histology of poisoning — pathologists, 
medicolegal examiners, industrial physicians, toxicologists, pharmacologists, physio- 
logic chemists and workers in chemotherapy. 


PROBLEMS AND METHODS OF RESEARCH IN ProTozooLocy. By Twenty-Seven 
Contributors. Edited by Robert Hegner, Professor of Protozoology, and 
Justin Andrews, Associate in Protozoology, in the Johns Hopkins University 
School of Hygiene and Public Health. Cloth. Price, $5. Pp. 532, with 32 
illustrations. New York: The Macmillan Company, 1930. 


This book is devoted to an orienting presentation by American protozoologists 
of the problems and methods of research in protozoology. It is intended to help 
students and beginning, as well as older, investigators in this now active field of 
work. There are forty-two chapters by twenty-seven contributors, each one of 
whom has written on some phase or phases of protozoology with which he is 
especially familiar. Parasitic protozoa receive the primary consideration. Kofoid, 
Craig, Rees and Haughwout have written chapters on amebiasis, and Hegner, 
Barber and Komp, Manwell, and Taliaferro on malaria. There is a helpful bibliog- 
raphy of the books, journals and original literature concerning protozoa. The 
book illustrates the rapid progress of the knowledge of the protozoa, especially 
the parasitic, and their relations. It will be of great value to all who are interested 
actively in protozoology. Physicians and pathologists will find it helpful in their 
consideration of the protozoan diseases of man. 


Bricut’s DIsEASE. OBSERVATIONS ON THE COURSES OF DIFFERENT TYPES AND 
ON THE RESULTANT CHANGES IN RENAL ANaATomMy. By D. D. VAN SLYKE, 
EpGarR STILLMAN, EGGERT MoLier, W. Eunricn, J. F. MclIntrosnu, L. 
LeiTerR, E. M. Mackay, R. R. Hannon, N. S. Moore and CHRISTOPHER 
Jounston. From the Hospital of the Rockefeller Institute for Medical 
Research. Medicine Monographs XVIII. Price, $3. Pp. 236, with 66 
charts and 41 figures, 4 in color. Baltimore: Williams & Wilkins Company, 
1930. 

This monograph contains detailed reports of observations, continued for fro.n 

a few weeks to several years, on sixty-seven patients with Bright’s disease, hemor- 

rhagic, sclerotic and degenerative. The morphologic changes in seventeen of the 
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cases are described and illustrated. The views of Volhard and Fahr and of 
Addis that the three types of Bright’s disease differ in nature are supported. It 
is emphasized that a gradual decrease in the ability to secrete urea frequently 
develops in the degenerative form, or nephrosis. The view that the kind of 
change in the kidneys can be determined by observations during life is supported. 
The clinical, chemical and functional observations are presented for each patient 
in charted form. The variations in the results of the observations on the three 
types of Bright’s disease are striking, and the case records will be studied in detail 
by those interested in Bright’s disease. The book presents the results of a model 
nosographic study by modern methods. It will be valued by pathologists who 
wish to correlate the anatomic changes in the kidney with the types of Bright's 
disease. 


THE PaTtHoOLoGy oF DiaBetes Me tuitus. By SHretps WARREN. Cloth. 
Price, $3.75. Pp. 212, with 83 engravings and 2 colored plates. Philadelphia: 
Lea & Febiger, 1930. 


This book is far more inclusive than might be expected in one of about 200 
pages. There is a directness of approach that immediately leads to the heart 
of things. Theories are cited and historical features introduced, when appropriate, 
and the facts are presented in logical order. Throughout the work methods are 
outlined promoting intimacy and confidence in the results of the investigation. 
An especially noteworthy feature is the use of biopsy material from numerous 
sources. A correlation is thus established between the manifestations of disease 
in a patient, his biopsy specimens and the observations at postmortem examinations 
on the bodies of other diabetic patients. The 83 engravings and 2 colored plates, 
most of which are excellent, enhance the value of the text. A bibliography for 
each chapter provides ready references. In places the work is necessarily sketchy 
owing to a general dearth of information. 





Books Received 


THE PATHOLOGY OF GENERALIZED VACCINIA IN Raspsits. National Institute 
of Health Bulletin no. 156. Ralph D. Lillie, Passed Assistant Surgeon, and 
Charles Armstrong, Surgeon, U. S. Public Health Service. Price, 70 cents. Pp. 
95, with 57 black and white and 8 colored plates. Washington, D. C.: Govern- 
ment Printing Office, 1930. 


Text-Book or GyNecoLocy. By Arthur H. Curtis, M.D., Professor and 
Head of the Department of Obstetrics and Gynecology, Northwestern University 
Medical School; Chief of the Gynecological. Service, Passavant Memorial Hos- 
pital, Chicago. Price, cloth, $5. Pp. 380, with 222 original illustrations. Phila- 
delphia: W. B. Saunders Company, 1930. 


RECENT ADVANCES IN THE STuDY OF R#EUMATISM. By Frederic John 
Poynton, M.D., F.R.C.P. (Lond.), Physician, University College Hospital; Senior 
Physician, Hospital for Sick Children, Great Ormond Street, and Bernard 
Schlesinger, M.A., M.D. (Camb.), M.R.C.P. (Lond.), Physician to the Children’s 
Department, Royal Northern Hospital; Physician to Outpatients, Hospital for 
Sick Children. Price, $3.50. Pp. 313, with 25 illustrations. Philadelphia: P. 
Blakiston’s Son & Company, 1931. 


Die BIOLOGIE DER PERSON: EIN HANDBUCH DER ALLGEMEINEN UND 
SPEZIELLEN KONSTITUTIONSLEHRE UNTER MITARBEIT ZAHLREICHER FACcH- 
MANNER. Von Prof. Dr. T. Brugsch und Prof. Dr. F. H. Lewy. Band 2. Liefen- 
ing 17. Price, 35 marks. Berlin: Urban & Schwarzenberg, 1931. 


An INTRODUCTION TO PRACTICAL BACTERIOLOGY: A GUIDE TO BACTERIO- 
LOGICAL LABORATORY WorK. By T. J. Mackie, M.D., D.P.H. Professor of 
Bacteriology, University of Edinburgh, and J. E. McCartney, M.D., D.Sc. Edi- 
tion 3. Price, $3.50. Pp. 421. New York: William Wood & Company, 1931. 


A Text-Book oF MEDICAL JURISPRUDENCE AND ToxicoLtocy. By John 
Glaister, M.D. (Glas.), D.P.H. (Camb.), F.R.S.E., Professor of Forensic Medicine, 
University of Glasgow, etc. In collaboration with John Glaister, Jr., M.B., Ch.B. 
(Glas.), M.D. (Hons.) (Glas.), D.Sc. (Glas.), Barrister-at-Law of the Inner 
Temple, London; Professor of Forensic Medicine, University of Egypt, Cairo, 
etc. Edition 5. Price, $8.50. Pp. 954, with 139 illustrations. New York: 
William Wood & Company, 1931. 
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